Cascades of homoclinic orbits to a saddle-centre for reversible and perturbed Hamiltonian systems by Champneys, AR & Haerterich, Jorg
                          Champneys, A. R., & Haerterich, J. (1998). Cascades of homoclinic orbits to
a saddle-centre for reversible and perturbed Hamiltonian systems.
Early version, also known as pre-print
Link to publication record in Explore Bristol Research
PDF-document
University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html
 	
	ﬁﬀﬂﬃ! #"$%"&'	(ﬁ
')*+
,ﬀ-"!
./%!
'01
2$ﬁ ﬁ
3ﬀ4
5

,6"7(! 8
,:9;	<#"ﬀ=ﬀ>2?!"
@BA
CDFE*GIHKJLNME*OQPRG'S/T$U
V
S/PE*W=XYOZS/G!X[6\^]	G'_6`aG'SbS/W=`aG'_QcdE*XYM'SeOZE*X=`gfbU
h
GR`aijSeW=UY`aXTk[6\	l-W=`mUﬂXn[6D
o(p SbS/GqrUl p `aDms`aG'_Rt
h
GR`aijS/WnUY`aXTuvEwDgx
lNWY`mUﬂXn[6DBl1yz|{~}Ht
h
'
[6Wn_Q

E*W=X=SeW=`gfnM

G'UYXY`gX p X\

p WcdE*XYM'SeOZE*X=`ax


W=Se`gS
h
GR`aijSeW=UY`aX

E*XlS/W=Da`gG
CW=G`gOZE*DgDgSbSŁﬁ
{~R{2lS/W=Da`gGtRKS/W=OZE*G!T
!^w$
 ¢¡+£¥¤b¦/§!¨©¤
ª«!¬­¯®±°g²2³ﬂ´¶µb·ﬁ®±¸¹Q¸°Bº!¸²2­¯»¼¬=½¿¾¯²!»±Àﬁ¬1«!¸Á¸*´¥»±®¼¹!®±´¸~³ﬁ­¯®±·ﬁÀ-²!¹!º¯¬n³-¾$µb³Yµ~Á¬n·ﬁ¬n³¾'¬n³ﬁ·ﬁ²!³ﬁ­$µb·ﬁ®±¸¹
®±À1µ~¹¯µ~»ÃÂjÀﬁ¬¥ºÄ°g¸~³³ﬂ¬nÅ©¬n³ﬂÀﬁ®Ã­$»±¬ÀÂjÀ·ﬁ¬¥ÁKÀ1«¯µ¶Å6®±¹¯Æ8µ8«!¸ÁK¸6´¥»±®±¹!®±´Àﬂ¸»±²2·ﬁ®±¸¹Ä·ﬁ«¯µb·1®±À­¯®aµ~ÀÂ6ÁK¾!·ﬁ¸~·ﬁ®±´
·ﬁ¸ÄµQÀﬂµ~º!º!»±¬=½Ç´¥¬¥¹*·³ﬂ¬È¬¥É*²¯®±»±®Ã­!³Y®±²!ÁÊKª«¯®±À®±ÀµÄ¹!¸¹j½Ç«*Â6¾R¬n³ﬂ­R¸»¼®±´¬¥É6²!®±»¼®Ã­!³ﬂ®±²¯Á3Ë-®±·ﬁ«k·ÇË	¸Ä³ﬂ¬¶µ~»
µ~¹!º·ÌË¸¾¯²!³ﬂ¬¥»ÃÂ1®±Áµ~Æ®±¹¯µb³ﬂÂ1¬¥®¼Æ¬¥¹wÅµ~»±²!¬¥À¥ÊÍ-¬nÅ©¬n³YÀﬁ®Ã­¯®±»¼®Ã·ÇÂ1¬¥¹!°g¸~³ﬂ´¥¬¥À+·ﬁ«$µb·,ÀﬁÁ8µ~»±»©¾'¬n³ﬁ·ﬁ²2³ﬂ­$µb·ﬁ®±¸¹!À
Ë-®±»±»6¹!¸~·Î´Y«¯µ~¹!Æ¬^·ﬁ«¯®±À¬¥®±Æ¬¥¹*Å~µ~»±²¯¬^´¥¸¹2Ï¯Æ²2³Yµb·ﬁ®¼¸¹'ÊÐ#·B®±ÀB°g¸²!¹!º(·ﬁ«¯µb·NÑFÆ¬¥¹!¬n³ﬂ®±´¶µ~»±»±Â2Òµ~¹K®¼¹2Ï¯¹!®Ã·ﬁ¬
Àﬁ¬¥É6²!¬¥¹!´¥¬4¸°B¾$µb³=µ~ÁK¬n·ﬁ¬n³Å~µ~»¼²!¬¥À1¬=Ój®±Àﬁ·ﬁÀ¥Ô¸¹Õ¸¹!¬4Àﬁ®±º!¬(¸°B·ﬁ«¯µb·¸°Î·ﬁ«!¬(¾!³ﬂ®±Áµb³ﬂÂÖ«!¸ÁK¸6´¥»±®±¹!®±´~Ô
°a¸~³-Ë-«!®±´Y«¢·ﬁ«!¬n³ﬂ¬µb³ﬂ¬º¯¸²2­¯»±¬=½¿¾¯²¯»±Àﬁ¬«!¸ÁK¸6´¥»±®±¹!®±´¸~³ﬁ­¯®±·ﬁÀ¥Ê
×
®±¬¥»ÃØ©¬~ÔÙN¸»±Á¬¥À(µ~¹!ºdÚ(ÛÜÍ-¬¥®±»¼»ÃÂZ´¥¸¹¯Àﬁ®±º!¬n³ﬂ¬¥ºk·ﬁ«!¬Àﬂµ~Á¬Àﬁ®Ã·ﬁ²$µb·ﬁ®±¸¹Ë-®Ã·ﬁ«k·ﬁ«!¬8µ~º!º¯®Ã·ﬁ®±¸¹¯µ~»
µ~ÀﬁÀﬁ²!ÁK¾!·ﬁ®±¸¹Õ¸°	Ùµ~ÁK®¼»Ã·ﬁ¸¹!®¼µ~¹ÕÀ·³ﬂ²¯´n·ﬁ²2³ﬂ¬~ÊKª«!¬n³Y¬~Ô+º!¸²2­¯»¼¬¾$²!»±Àﬁ¬¥À1¬=Ó2®±À·¸¹k¬¥®Ã·ﬁ«¯¬n³­'¸~·ﬁ«¸~³
¹!¬¥®Ã·ﬁ«!¬n³	Àﬁ®±º¯¬~Ôjº¯¬n¾R¬¥¹¯º!®±¹!Æ¸¹µ(Àﬁ®±Æ¹¢´¥¸¹!º¯®Ã·ﬁ®±¸¹8Ë-«!®±´Y«Èµ~»±Àﬂ¸(º¯¬n·ﬁ¬n³ﬂÁK®±¹!¬¥ÀÝË-«!¬n·ﬁ«¯¬n³·ﬁ«¯¬n³ﬂ¬1´¶µ~¹
­'¬µ~¹wÂ¢³ﬂ¬¥´¥²2³ﬂ³ﬂ¬¥¹w·º!Â6¹¯µ~Á®±´¥À¥ÊÐ#·-®±À^Àﬁ«!¸/Ë-¹Ö«!¸/ËÞ·ﬁ«!®¼À^Àﬁ®±Æ¹Ö´¥¸¹!º¯®Ã·ﬁ®±¸¹¸6´¥´¥²2³ﬂÀ®±¹Ö·ﬁ«!¬1¾¯²2³ﬂ¬¥»±Â
³ﬂ¬nÅ©¬n³ﬂÀﬁ®±­¯»±¬-´¶µ~Àﬂ¬~Ô!Å6®aµ·ﬁ«!¬­!³Y¬¶µbØ6®±¹¯Æ¸°+µ4¹¯¸¹j½Çº!¬¥Æ¬¥¹!¬n³Yµ~´nÂ¢µ~ÀﬁÀﬁ²!ÁK¾!·ﬁ®±¸¹'Êª^Ë	¸(¾R¸ÀﬂÀﬁ®Ã­¯»±¬·ÇË	¸b½
¾$µb³Yµ~ÁK¬n·ﬁ¬n³Ý­¯®±°g²2³ﬂ´¶µb·ﬁ®±¸¹º¯®¼µ~Æ~³Yµ~ÁKÀµb³ﬂ¬´¥¸¹!À·³Y²!´n·ﬁ¬¥º²!¹¯º!¬n³B·ﬁ«!¬-µ~º¯º!®Ã·ﬁ®±¸¹¸°'µ¾'¬n³ﬁ·ﬁ²!³ﬁ­$µb·ﬁ®±¸¹
·ﬁ«¯µb·Ø©¬¥¬n¾¯À-³ﬂ¬nÅ©¬n³ﬂÀﬁ®±­¯®±»±®Ã·ÌÂK­¯²2·^º!¬¥Àﬁ·³ﬂ¸¶ÂjÀ-Ù1µ~ÁK®±»Ã·ﬁ¸¹¯®¼µ~¹À·³ﬂ²!´n·ﬁ²!³ﬂ¬~Ê
ª«!¬4³Y¬¥Àﬁ²!»Ã·ﬁÀµb³ﬂ¬K®¼»±»±²!À·³=µb·ﬁ¬¥ºQ­6ÂZ¹6²!ÁK¬n³Y®±´¶µ~»´¥¸Á¾¯²2·ﬂµb·ﬁ®¼¸¹!À¸¹·ÇË	¸Q¬=Ó!µ~Á¾¯»¼¬(ÀﬁÂ6À·ﬁ¬¥ÁÀ¥Ô
¸¹!¬-µb³ﬂ®¼Àﬁ®±¹!Æ1µ~ÀÝµÁ¸*º!¬¥»2°g¸~³Î¸~¾!·ﬁ®¼´¶µ~»!À¾$µb·ﬁ®¼µ~»2Àﬂ¸»±®Ã·ﬁ¸¹!ÀB®¼¹4·ﬁ«!¬	¾!³ﬂ¬¥Àﬁ¬¥¹¯´¥¬¸°$»¼®±¹!¬¶µb³Îµ~¹!ºK¹¯¸¹!»±®±¹j½
¬¶µb³Bº!®±À¾'¬n³ﬂÀﬂ®±¸¹'Êª«!¬¥Àﬂ¬Ý´¥¸Á¾$²2·ﬂµb·ﬁ®±¸¹!Àµ~Æ~³ﬂ¬¥¬	¾'¬n³ﬂ°g¬¥´n·ﬁ»ÃÂË-®Ã·ﬁ«·ﬁ«!¬·ﬁ«!¬¥¸~³ﬁÂ(®±¹!´¥»±²¯º!®±¹!ÆµNº!®ÃßR¬n³½
¬¥¹w·Ý³Yµb·ﬁ¬Nµb·Ë-«!®¼´ﬂ«Kº!¸²!­¯»±¬	¾¯²!»¼Àﬁ¬¥ÀÎµ~´¥´¥²!Á(²!»¼µb·ﬁ¬N®±¹K·ﬁ«!¬-Ùµ~ÁK®¼»Ã·ﬁ¸¹!®¼µ~¹µ~¹¯º¹!¸¹j½ÇÙ1µ~ÁK®±»±·ﬁ¸¹!®¼µ~¹
´¶µ~Àﬁ¬¥À¥Ê
àáãâåäÈæÇç'èbè~é¿êëjçì©é¿í+îâë*ïBð¯ñ%ðòóRôä¢óõöóRôäó÷öN÷RøRùú!ô
{
û üBýþ	ß þ	 Qý
(EwOÄ`aDgXn[*GR`FE*G sT!GEwOÄ`gf~E*DNUYT¯UYX=SeOÄUÖE*WnSÄx¯GR[
GX=[ P,[jUYU=SeU=UÖUYPSbf/`FE*D-PRWn[*P,S/W=X=`gSbUet^U p fnM;E6UÈPSeW=UY`mUﬁŁ
XnS/G'fbSZ[6\1M'[6OÄ[¯feDg`aGR`mfÈ[6WR`aXnU8E*G'sE`FE*P p G'[i LSeG!X=W=S}M'Sb[*WnSeO E*X8SeDaDg`gPX=`mfSesvP,[*`gG!XnUetÝX=M'E*X
ME~ijSkPRW=Sbfe`gU=SIE*GE*Dg[j_6`gSbUÈ\¿[6WQUﬂT¯OQOÄSeX=WY`mfÕXYW¥EﬂSefeXn[*W=`mSeU`gGWnS/ijSeW=UY`RDmSkUYT¯UﬂXnSeOÄUÇS6J _RJ
V
Sﬁﬀ6ﬂﬃ¶J

G
X=M`mU^fb[*G¯X=S ¯X!
NSX¥E*x6S(EWnSeUYXYW=`mf/X=`aijSsRS"GR`gXY`m[6GÖ[6\E4WnSei6SeW=UY`#DmSUYT¯UYX=SeO$E*GÄSei6SeGŁ [6WnsSeWNsT!GE*OQ`mf~EwD
UYT¯UﬂXnSeO% Se`gGR_`aG¯i*E*WY`FE*G!X p GRsRSeW-X=`aOZSWnS/ijS/WnUnEwDE*GRsÕEDg`gGRS~E*W^`aG¯i6[6D p X=`m[*GQXYME*X&'$SbU-ME*Dg\+X=MRSPRM'E6U=S
UYP'E6fbSÕi*E*WY`FE(RDgSbUeJ C X=W¥EﬂSbfeX=[6W=T `mUÈX=SeWYOZSesUYT!OÄOÄSeXYW=`gfZ`g\`aXÈ`mU8`gG!i*E*W=`mE*G!X p G'sSeWÖU p fnM EdXYW¥E*G'UﬁŁ
\¿[6WYOÕE*XY`m[6G E6UKEU=SeXbJQy¯X¥EwG's'E*W=s S)REwOÄPRDgSbUKE*W=SfeDmE6U=Uﬂ`mf~EwD(E*OQ`gDaXn[6G`FE*GIUYT¯UYX=SeOÄU*
`aX=M,+ p E6sWnE*X=`gf
x!`gG'S/X=`gfSeG'S/Wn_6T6J
}MR`gUP'E*P,S/W^OÕEwxjSbU-E4\ p WYX=M'S/WNfe[6G!X=WY`# p XY`m[6GX=[X=M'SUYX p sT[*\XYM'SsT!GE*OQ`mfbU	`aGÄEGRSe`m_*M- [6WYM'[$[¯s[6\
M'[6OÄ[¯feDg`aGR`mfN[6W`gXnU	X=[KS	+ p `gDa`#RWY`FE`aGÄE p Xn[*G'[6OÄ[ p U^WnS/ijSeW=UY`RDmSUYT¯UﬂXnSeOÄUbt¯U=SeS.
V
Sei'ﬀ/ﬀ¯t!

E*Wn/0$t¯LNM*Rt

}j$tByE6S/X¥E*Dmj¯t

GR[21ﬀﬂÝ\¿[6WK[6X=MRSeWKf~E*U=SbUE*GRs2 LNMjzﬂ	\¿[6WEZWnS/i!`mS"
KJ¢}M'SQE6U=U p OÄPX=`m[*G M'SeW=SÖ`gU
X=M'E*X	X=MRSS	+ p `gDa`#RWY` p O34
`gX=MR[ p X	Dg[jU=U^[6\+_jS/G'SeWnE*Dg`aXTjt6XYM'S[6WY`m_6`aG5ﬃ`gU^EUnE6ssDmS1feSeG!X=W=S6t!X=MEwX	`mU^E4G'[*GŁ
M!T!P,S/W [6Dg`gfÄS"+ p `gDg`RW=` p O:ME~i!`gGR_dX6
[IWnS~EwD1E*GRs%X6
[ `aOÕE*_6`gGEwW=T S/`m_jS/G!i6EwD p SeUbJI}M'SE6UYU p OQPRX=`g[6G
[6\WnS/ijS/WnUY`R`gDa`gXT|`mUS/G'[
p
_6M X=[SeG'U
p
WnSÖX=MEwXU
p
fnMvEZDg`aG'S~E*WY`mU=E*X=`g[6G7
`aDgDÎP,S/WnUY`gUYX
p
GRsRSeWKPE*WnE*OÄSeXnS/W
PSeW=X
p
W'E*X=`g[6G8
V
Sﬁﬀ6ﬂ9¿X=M'SÄUnE*OÄS:
N[
p
Dgs;,SQX=W
p
S
p
GRsRSeW
p
UYXÈXYM'SÕE*U=U
p
OÄPRXY`m[6Gv[6\(EwOÄ`aDgXn[*GR`FE*G
UYXYW
p
f/X
p
W=Sﬁﬃ¶JC(UE*W=_
p
Ses,S/Dm[ﬁ
%ÌUYSbS

`g_
p
WnSÈ/ﬃ¶tX=MRS¢S ¯`mUﬂXnS/G'fbS[6\UﬂT!OÄOÄSeXYW=`mfM'[6OÄ[$f/Dg`aGR`mf[6W<R`gX=U
`gGÞU
p
fnM;UﬂT¯UYXnS/OZUÖ`mU[*\(fe[$s`aOZS/G'UY`g[6G[6G'S*t&
MRSeWnSbE6UG'[6GŁ UYT!OQOZS/X=W=`gfÕM'[6OÄ[$f/Dg`aGR`mfQ[6W`gXnUÖEwWnS[6\
fb[¯s`aOZS/G'UY`g[6G%XYMRWnSeSZ`gG_6SeG'S/W¥E*D#t	[6W¢fe[$s$`gO X6
[ \¿[*W(EwOÄ`aDgXn[*GR`FE*G UﬂT$UﬂXnS/OZUÇU=SbS; SeWn{6t

B2ﬁﬂ
\¿[6WKEwG
p
GR\¿[6Dgs`gG'_Ä[6\X=M'S¢DmE*X=X=SeW(UY`gX
p
E*XY`m[6G5ﬃ¶JK}M'SeW=Se\¿[6W=S6t`gX(sR[¯SbU4G'[6XE(=,SefeX4XYM'Sfb[¯s`aOZS/G'UY`g[6G [6\
UYT!OQOZS/X=WY`mfM'[6OÄ[$f/Dg`aGR`mffe[6GRG'SefeX=`g[6G'U*
M'SeXYM'SeW¢(E*OQ`gDaXn[6GR`mE*G UYXYW
p
f/X
p
W=SZ`mUPRW=SbUYSeG!X[6WG'[6XbJku S

`gDaDE*GE*DaT¯U=Sd[*GRDgTUﬂT$UﬂXnS/OZUÕ[*\X=M'S|Dm[ﬁ
SeUYXÄP,[jUYUY`RDmS|s`gOÄSeGRUY`m[*GtNGEwOZS/DgT\¿[
p
Wbt1\¿[6W>
MR`mfnM XYM'S
PRM'S/G'[6OÄSeG'[*GdfbE*Gd[¯fbf
p
W~J@?	WnSeU
p
OZE(RDaTkEBArM'[*OZ[¯feDa`gGR`gf(fbS/G!X=WnSKOZE*GR`g\¿[*Dmsq!X=M'Se[6WnS/O E6U1`gGC yE*G2ﬁﬂ
f~EwG S
p
U=Ses|X=[ÄUﬂM'[ﬁ
 UY`aOÄ`aDFE*WNWnSeU
p
DaXnU\¿[6WMR`g_6M'SeWﬂŁs`aOZS/G'UY`g[6GE*DUYT¯UﬂXnSeOÄUbJ
D
\4PRWY`gOÄS|fe[6G'feSeW=GE
`gDgDF SIXYM'SdS)¯`mUYX=SeG'feSd[6\(O
p
DgXY`aŁ#P
p
DmUYSÕM'[6OÄ[$f/Dg`aGR`mfÕ[*WR`aXnUbt@
MR`mfnMEwWnSkDg`gx6S
U=S/ijS/W¥E*Dfb[*PR`mSeU[6\X=M'SPRWY`gOZE*W=T U=S/P,S/W¥E*X=SbsC¯TE7RGR`gX=SÕG
p
O SeWQ[6\UYOZE*DgD[jU=f/`gDaDFE*XY`m[6G'UetÝ\¿[6WP'EwŁ
W¥EwOZS/XnSeW(i6EwD
p
SeU4feDg[jU=S¢X=[ÕX=ME*X4[6\X=M'S¢PRWY`gOZE*W=T6J8c|`mS/DgxjS*t[*DgOÄSbUE*GRs
D
qrHSe`gDaDgTG cd
D
2(ﬂÝME~ijS
E*GEwDgT¯U=Ses X=M`mU>+
p
SbUYXY`m[6G \¿[6WÖWnS/ijSeW=UY`RDmSd(E*OQ`gDaXn[6GR`mE*GUﬂT$UﬂXnS/OZUetE*G's EwDmU=[ X=MRSdfb[*G'UYXYW
p
f/X=`m[*G [6\
UYM`g\FXsT!GE*OQ`mfeUK`aG EkG'S/`m_6MH [
p
WYM'[$[¯s [6\XYM'SPRW=`aOÕEwW=TdMR[6OZ[¯feDa`gGR`gfÈ[6W<R`gXbJÄy$SbSÄE*DmUY[X=M'SÖWnSeU
p
DaXnU
[6\ HSe_21ﬀﬂÌJ SeWnS:
SÕUﬂME*DaDfe[6G'UY`gsRSeWÈX=M'SÕS =,SefeX[*\WnSeDmE¯`gG'_|X=M'SÕE6U=U
p
OÄPX=`m[*G[6\(EwOÄ`aDgXn[*GR`FE*G
UYXYW
p
f/X
p
W=S6tI
MR`aDmS(x6SbS/PR`gG'_ÖWnS/ijS/WnUY`R`gDa`gXT6J

XF
`gDaDJ SUYM'[ﬁ
G|X=ME*XXYM'SeW=SKE*WnS9 [6XYMIUﬂ`gOQ`gDmE*W=`aX=`mSeUE*G's
s`=,S/WnSeGRfbSbUK SeX6
NSbSeGIX=M'SE*OÄ`aDgX=[6GR`FEwGE*G'skWnS/ijS/WnUY`RDmSXYM'Sb[6WY`mSeUbJ
u SIUﬂME*DgDWnSbUﬂX=WY`mfeXÄ[
p
WÄE*XYXnS/G¯XY`m[6GX=[ sR[
p
RDmS¶Ł P
p
DmU=SM'[*OZ[¯feDa`gGR`gfZ[6W<R`gX=UbtL
p
X~t@¯TÞEwGE*Dm[6_6T;
`aX=M
X=MRSÖW=SbU
p
DgX=U[*\* cd
D
2ﬂ#tBUY`aOÄ`aDFE*WUYXnE*XnS/OZS/G!XnUE*WnSDa`gxjS/DgT|Xn[M'[6Dgs \¿[6WK_jSeGRSeW¥EwDLM+Ł P
p
DmUYSNMPOã/ﬃ
M'[6OÄ[¯feDg`aGR`mf[6W`gXnU1X=[$[Ju SQ
`gDaDBE*DmUY[G'[6XUYX
p
sTP[jU=Uﬂ`#RDgSUﬂMR`g\FXs$T¯G'E*OÄ`gfbU\¿[6WPSeWYX
p
W<E*X=`g[6G'U[6\

WnS/ijS/WnUY`RDmSM'[6OÄ[¯feDg`aGR`mf[6WR`aXnUXn[UnE*sRsDmSfeSeG!X=W=SbUbt!E*UÎXYMR`mU`mUOÄ[6WnSU p RX=DgS-XYME*G`gGX=M'SN(EwOÄ`aDgXn[*GR`FE*G
f~E*U=SUY`gGRfbS[6G'Sf~E*GRGR[6XNW=Sbs p fbSXYM'SsT!GE*OQ`mfbU^X=[8X=MRSUﬂX p sTÖ[*\BEKX6
N[*Ł s`gOÄSeG'Uﬂ`m[6G'E*DROZE*PJ

GQ\ÇE6feXbt
E6UÖ`gGÞX=M'S|f~E*U=S|[6\(M'[*OZ[¯feDa`gGR`gfÕ[6W`gXnUX=[ U=E6sRsDgS/Ł \¿[¯f p UQ`aG W=SeijS/WnUﬂ`#RDgSIUﬂT$UﬂXnS/OZUR 

E*W¥/0¯tNLNM6SﬂÌt

M'S/X=M'S/W(UﬂMR`g\FXsT!GEwOÄ`gfbU1G'SefbSbUYUnE*WY`gDaT[$fef p W`gUE*Gd[*P,S/G7+ p SeUYX=`g[6GdE*XPRWnSeU=S/G¯XbJ
}M'S(W=SbUﬂX1[6\XYMR`mU-PE*PSeWN`mU-[6Wn_2EwGR`mUYSbsÕE*UN\¿[6DaDm[ﬁ
UbJ

GX=M'SG'S ¯X1UYSbf/X=`m[*GB
S(_6`gi6SPRW=Sbfe`gU=SG'[6X¥EwX=`m[*G'U
E*G's UYXnE*XnSÄ[ p WOÕE*`aG X=M'Se[6WnS/OZUeJ|CUÈEkPRWnS/PE*WnE*X=`g[6G%\¿[6WKXYM'SÄPRW=[$[*\¿UbtT
SÄsRSbUYfeW=`,SQ`gGy$Sbf/X=`m[*GU0
X=MRSÄsT!GEwOÄ`gfbUK`gG%E|G'S/`m_6MH [ p W=MR[$[¯s [*\X=MRSZS	+ p `aDg`RW=` p O `aG%X=SeW=OÄUK[6\EkG'[6W=OZE*D	\¿[*W=OIJ}ÝEwx¯`aG'_
E6UE*G|E*U=U p OÄPRXY`m[6GXYME*XXYM'SsT!GE*OQ`mfeU`mUFVWNfb[6G( p _2E*X=S4Xn[¢X=M`mUG'[*W=OZE*D,\¿[6WYO Dg[$fbE*DgDaTjt1
NSKPWn[ijS
[ p WQX6
N[%OÕEw`gGX=M'Se[6WnS/OZUÖ`gG y$SefeX=`g[6G'UÄvE*G's $J

G y¯SbfeXY`m[6G;,
NSdUﬂX p s$T X6
N[%S)REwOÄPRDgSbUÄE*G's
PSeW=\¿[*W=O UY[6OÄS4G p OZS/W=`mfeUXn[`gDaD p UﬂX=W¥EwXnS([ p WWnSeU p DaXnU[6GkX6
[QS E*OQPRDgSUYT¯UYX=SeOÄUbJ-}M'SXRWnUﬂXUYT¯UYX=SeO
`mU[SX¥E*`aG'Sbs!TdE*s( p UYXY`gG'_ÄEÄfeSeWYX¥E*`aGI\¿[ p W=X=M$Ł[6W=sRSeWS	+ p EwX=`m[*G E*WY`mUﬂ`gG'_QE6UEÄfe[6G!X=`gG p [ p UDa`gOQ`gX[6\E
s`gU=feW=SeX=SDmE*X=XY`mfbSS"+ p E*X=`g[6G|Xn[ÖOÕE*x6SXYM'Sfb[6WYWnSbUﬂP,[*G's`gGR_ÄUﬂT$UﬂXnS/O G'[*GŁﬁE*OÄ`aDgX=[6GR`FEwGJ^}M'SU=Sefb[6G's
UYT¯UﬂXnSeO ME6UÈPRM!T¯UY`gf~E*DOZ[6XY`gi*E*XY`m[6G E6UEdOÄ[¯sRSeD-\¿[6WÈGR[6GRDg`aG'S~EwWÈ[6PX=`mfbE*DYA UﬂPE*X=`mE*DNU=[6Da`gXn[*G'UbqB`gGvXYM'S
PRW=SbU=S/G'fbS[*\	Dg`aG'S~E*WEwG'sdG'[6GDg`gGRS~E*Ws`gUYPSeWnUﬂ`m[6GJ

[*WZ [6X=MIOZ[¯sRS/DmUF
S8PRWn[i!`msRS8s`gW=Sbf/XG p OÄSeWY`mf~EwD
Sei!`gsRSeG'feS8[*\ÝXYM'SKs`mUﬂX=`gGRfeX=`g[6G[ SeX6
NSbSeG (E*OQ`gDaXn[6GR`mE*GZE*G'skG'[6GŁ(E*OQ`gDaXn[6GR`mE*GÕfbE6U=SeUbJ
àë\îÎí-]ÄæÇð-^T_+ð¯ñ%ð¯îì/`
u%SNUYM'[
p
Dms8Da`gx6S-X=[XYM'S[6W=_2E*GR`gU=S/WnUÎ[6\RX=MRS-u [6W=x¯UﬂM'[6P[6G}`gOÄSNHSei6SeW=UY`#DmS
y¯T!OQOZS/X=W=`gSbU`gG
V
T!GE*OQ`mfbE*Dy¯T¯UYXnS/OZUKEwX4X=M'S
h
GR`gi6SeW=UY`gXTI[6\u%E*W
`gfnxt
V
SbfÕ{6jÕE*X9
M`mfnM X=MR`gU

N[6W=xQ
E6UB`gGR`aX=`FEwXnSbs,Ju%S-UYM'[
p
Dms8E*DmUY[Dg`gx6S	Xn[X=MEwGRxKCDgS E*G'sRS/Wc|`mS/DgxjSZ
h
GR`gi6SeW=UY`gXT4[6\'E*GRG'[ijS/W)ﬃ
E*G's?EwX=W=`gfnxkl[6GRfnx6E*SeW=Xab`aO
p
W=_
h
GR`aijS/WnUY`aXT'ﬃ1\¿[*Ws`mUYf
p
UYUY`m[*G'U[*G|GR[6W=OZE*D\¿[6WYOZUeJ
c dfeg h i~ý ßgQjkleþj
L[6G'Uﬂ`msRS/WX=M'SKS	+
p
EwX=`m[*G
m
n[oqp

nTrts
ﬃ
r

nTrts
ﬃFuGv wyxzUv w|{ ﬂ{ﬃ
u S8E*U=U
p
OZS
}<~
úI
p
`mUQt S t N	#/t`#JrS*JX=M'S/WnS`mUEDg`aG'S~EwW1`gG!ij[*D
p
XY`m[6G
`gXYMIs$`gO7N'JŁXﬃ<ﬃ
o
E*G's
p
Ł
nTrs
ﬃ
o

p

nTrs
ﬃ k
nTrs
ﬃuUv wyx9z;v w- #/ﬃ
CG`aOÄP[6WYX¥E*G!XKPRWn[*P,S/W=XT [6\WnS/ijSeW=UY`RDmSÕUﬂT¯UYXnS/OZU¢`gU8XYM'SZ\ÇE6f/XÈX=M'E*X
`aX=M
n
4<ﬃÈE*DmUY[
n


<ﬃ8`gU¢E
U=[*D
p
XY`m[6Gk[6\!Y{ﬁﬃ/J

ð2ê	îÎé¿ìéÇí+î
<<

)#S#ÕUYT!OQOZS/X=W=`gf7  :

#¡X[¢k£

#¡¤¥S)NS¤
¦
¤5- 

£¥Bt §
S t ¤-¨. ©ª©«

)a¢J
uå`gXYM'[
p
X(Dm[jUYU[6\_6SeG'S/W¥E*Da`gXTjt,UY`gGRfbSY{ﬁﬃ`mUE
p
Xn[6G'[*OZ[
p
Ubt\¿[6WU
p
fnM%XYW¥EﬂSefeX=[6W=`gSbU9
NSÖOZE~T E6UYU
p
OÄS
n
Ł¬/ﬃFu'­bXﬃ/J

p
WYX=M'S/W=OÄ[6WnS*t'
S8E6UYU
p
OÄS
0
}<~R®

¬Ö`mU4EÌUﬂT¯OQOÄSeX=WY`mfﬃS"+ p `gDg`RW=` p O \¿[6W(E*DaD
s
J(}MRS¢Se`g_jSeG!i*E*D p SbU([*\	X=M'SDg`aG'S~E*WY`°¯bE*X=`g[6G±
p
b¬1ﬃ
E*X
so
¬ÖE*W=S²Q³
r
²9´4µJ

G|X=MR`gUf~E6UYS6t'X=M'SKS"+ p `gDg`RW=` p O¶¬`gUf~E*DaDmSbskE«	11'# § ¤

t/J
V
p SXn[WnS/ijSeW=UY`R`gDa`gXTjt$X=M'SKUYPSbf/X=W p O
[6\ÎX=M'SKDg`aG'S~EwW=`°¯bE*X=`g[6GEwX(EUﬂT¯OQOÄSeX=WY`mfS"+ p `gDg`RW=` p O`mUE*D#
E~T¯UUﬂT!OÄOÄSeXYW=`mf9
`aX=M|WnSeUYPSbfeXXn[>¬t'UYSbS

V
Sﬁﬀ6(ﬂÌJ}MR`mU`gOQPRDg`gSbU1XYME*X(\¿[*W4E*DaDÎUYOZE*DgDF·
s
·$XYM'SeW=Sa
`aDgD­ S8X=MRSÈUnEwOZS8Se`m_6SeG!i*E*D p Sfb[*GI'_ p WnE*X=`g[6G

`gXYM E P'E*`gW«²9³ [6\WnS~EwDE*G's E PE*`gW:²9´4µ [6\P p W=SeDaTv`gOZE6_6`aGE*W=T S/`m_jS/G¯i*E*D p SbUeJcI[6W=Sb[ijS/W~tXYM'S
fb[*W=WnSeUYP[6G's`aG'_4S/`m_jS/G'UYPE*fbSbUÝsRSePSeGRsUYOÄ[$[6XYMRDgTK[*G
s
JSeGRfbSN\¿[*W	U p'¸ f/`mS/G¯XYDgTUYOZE*DaD
s
t(!TÈEDg`aG'S~EwW
fnME*GR_jSÖ[6\Ni*E*WY`FE(DmSbUY
MR`mfnM sRS/P,S/G'sRUUYOÄ[$[6XYMRDgTI[6G
s
t¹
NSOÕE~T E*U=U p OZS¢XYME*XX=MRSÖDa`gG'SbE*W=`#¯~E*XY`m[6G
[6\
p
E*XZ¬M'E6UX=M'S\¿[6WYO
±
p
Ł¬/ﬃ
o
º»
»
»
»
»
¼
³ ¬ ¬ ¬
¬

³ ¬ ¬
¬ ¬ ¬

µ
¬ ¬ µ ¬
½¿¾
¾
¾
¾
¾
À
b01ﬃ

M'S/WnSa³
o
³!b¬1ﬃ!OP¬QE*G'sBµ
o
µZŁ¬1ﬃ&O2¬J
y¯`aG'fbSXYM'S1WnS/ijS/WnUY`aG'_KUYT!OQOZS/X=W=T OÕEwP'UX=MRSSe`m_6SeG!ijSefeXn[*Wfb[6WYWnSbUﬂP,[*G's`gGR_4Xn[4X=MRSSe`m_6SeG!i*E*D
p
S!³!
s
ﬃ
[6G!Xn[¢E*GSe`g_jSeG!i6SbfeX=[6W[6\

³@
s
ﬃ-E*G'sZPRW=SbUYSeW=i6SbUX=MRS(Se`g_jSeGRUYPE6feSE6UYU=[¯fe`FEwXnSbs>
`gXYMÕX=M'SSe`g_jSeG!i*E*D
p
SbU
²´NµZ
s
ﬃ/t'
NS8UYSeXK
`gXYM'[
p
XW=SbUﬂX=W=`gfeXY`m[6GÁ#Ew\FXnSeWE¢P[jU=Uﬂ`#RDgSfnME*G'_6S8[6\ÝUY`g_6G|[6\ÝU=[6OÄSfb[*Ł [6Wns$`gGE*X=SbUtﬃ

o
º»
»
»
»
»
¼
¬ { ¬ ¬
{ ¬ ¬ ¬
¬ ¬ ¬ {
¬ ¬ { ¬
½¿¾
¾
¾
¾
¾
À
{ ÇHﬃ
cI[6W=Sb[ijS/W~tÂ
SÄE6U=U
p
OÄSÖXYME*XKX=MRSQS"+
p
E*X=`g[6G f~E*G Dm[¯f~E*DaDgT,SP
p
X`aG!Xn[kU=[6OÄSP,[*DgT!G'[6OQ`FE*DÎG'[6WYOÕEwD
\¿[6WYOdJ^}MRSbU=SG'[6WYOÕE*D\¿[6W=OÄUE*W=SsSbU=f/W=`,Ses SeDg[
 `gGdy$SefeXY`m[6G70J
}<~
óÃ
}M'S/WnS `mU|EÄV
W
Ł s`#=Sb[*OZ[6WYPRMR`gUYO XYME*Xkfe[6OÄO
p
XnSeU
`aX=M8 E*G's
MR`gfnMt4Dm[¯f~E*DaDgTG'SbE*W¬$t
fe[6GS
p
_2EwXnSbUXYM'SijSbf/Xn[6WY'S/DmsXn[QEªRGR`gX=S/Ł [6WnsRS/WG'[6WYOÕE*D\¿[6W=OIJ
[*OZ[¯feDa`gGR`gf4[6W`gXnUX=[ÄX=MRSÈ[6WY`m_6`aG
`aX=MIUYT¯UYX=SeOÄU4[6\
`aX=M|X=MR`gUDa`gG'SbE*W=`gUnE*XY`m[6G|EwWnS[6\^fb[¯s`aOZS/G'UY`g[6G
[6G'S`aG|XYM'SXn[6P[6Dg[j_6TÄ[6\	UﬂOZ[¯[6X=MkW=SeijS/WnUﬂ`#RDgSUﬂT¯UYXnS/OZUaÌUYSbS*t\¿[*WS E*OQPRDmS*tRX=M'SPRW=[$[6\Ý[6\kSeOQOÕE
`gGdy$SefeXY`m[6G|.,S/Dm[ﬁ
Zﬃ/JSeG'feS*
NSE6U=U
p
OZS
}<~
ô¹

[6W
so
¬t$X=M'S/WnS`mUEÖUYT!OQOZS/X=W=`gf(M'[6OÄ[¯feDg`aGR`mf[6W`gXFÅN<ﬃ1fb[*G¯i6SeW=_6`gG'_ÖXn[>¬ÖE6UF@Æ ²*Ç J
}M'SKRGE*Dfe[6G's`aX=`g[6GÖ`mU-EKGR[6GŁsSb_jS/G'SeWnE6feTM!T!P,[*X=M'SeUY`mUX=M'E*X-fb[6G'feSeWYG'UNXYM'SUﬂPRDg`aX=XY`gG'_4[*\,X=MRSUﬂX¥E(RDgS
E*G's
p
G'UYXnE(RDgS8OZE*GR`g\¿[*DmsRUE6UX=M'SPE*WnE*OZS/XnS/W
s
`mUi*E*WY`mSesJ

G [6WnsSeW(X=[Ä\¿[6WYO
p
DmE*XnS`gXbt'WnSbfbE*DgDÎX=M'E*X
X=MRSeWnS`gUE:`FEwP
p
G'[ikLS/G!X=WnS8}M'Se[6WnS/O \¿[6WWnS/ijSeW=UY`RDmSKUYT¯UﬂXnSeOÄUª
V
Sﬀ6$t}MROIJzJ¼{	ﬂÌJSeGRfbSKX=M'S/WnS

`mUEUYOÄ[¯[6X=M X6
N[*Łs`aOZS/G'UY`g[6GE*D	fbSeG!XYWnSÄOZE*GR`a\¿[6DmsVQtDm[¯f~EwDgDgT|X¥EwG'_jSeG!XKXn[kX=MRSQfeSeG!X=W=SÄS/`m_jS/G'UYP'E6fbS
[6\!¬tX=MEwX8fe[6G'Uﬂ`mUYXS/G¯XY`gW=SeDgTd[6\-M¯T!PSeW<,[6Da`mfPSeW=`g[$s$`mf¢[6W<R`gX=U4`gG EÕG'Se`g_6MH,[ p W=M'[¯[¯s [*\NXYM'SÖ[6W=`g_6`gGJ
h
Uﬂ`gG'_|X=M'SQG'[6WYOÕE*D^\¿[*W=O WnSeU p DaX8`aGy$SefeXY`m[6G 0 SeDm[ﬁ
KtÎX=MR`gUOZE*GR`a\¿[6Dms
`aDgD^ME~ijS:
S/DgDaŁ sRS"G'Sbs;0wŁ
s`aOZS/G'UY`g[6GE*DBUﬂX¥E(RDgSÈEwG's p GRUYX¥ERDmSKOÕEwGR`g\¿[6DgsRUYÈÉÊ ËHbVﬃ¶JKSeX9ÌÉF S¢E
s
Ł `aG'sRS/P,S/G'sRSeG!X?Ý[6`aG'f~EwWÍS
U=SefeXY`m[6GX=M'E*X¢\¿[6W
s8o
¬ fe[6G!X¥E*`aG'UÖEdP[6`gG!X~tÅN¿Îtﬃ8\¿[6WU=[*OZS«¿ÎOÏ¬ U p'¸ f/`mS/G¯XYDgT DFE*W=_jS6t^[6GXYM'S
PRWY`gOZE*W=TIM'[6OÄ[$f/Dg`gG`mfÈ[*WR`aX4`gG È
É
ÐÒÑÔÓ
b¬1ﬃ/J

p W=XYM'SeWYOZ[*WnS¢DmS/X Õk
s
ﬃ
o
È
Ë
Ö
ÐÒÑÔ×
Ł¬$
s
ﬃØÌ
É
tBU p fnMvX=M'E*X
Õ|Ł¬1ﬃ
o
Å'4¿Îﬃ/tRXYM'SeGI[ p WG'[*GŁsRSe_jSeGRSeW¥E*feTM!T!P,[6XYM'SbUﬂ`mU`mU
}<~
÷y
}M'Si6SbfeX=[6WZÙ«Ú
o Û
Û6Ü
Õ|
s
ﬃ1EwX
s7o
¬`aG!XnSeW=U=SefeXnUÈ É bVﬃÂØÌ É X=WnE*G'UYi6SeW=UnE*DaDgTjJ
}MR`gUfe[6G's`aX=`g[6G`mU1\¿[6WYO p DmE*XnSesÕOZ[6W=SUY`aOÄPRDaT p UY`gGR_ÖDg[$fbE*Dfe[*Ł[6W=s`gG'E*XnSeU1`gGIy$SefeX=`g[6GIRJ
h
GRsRSeWÖX=MRSIE,[ijS|fb[*G's`gXY`m[6GRU
SkME~ijSkX=MRSk\¿[*DgDm[ﬁ
`aG'_7R`a\ p WnfbE*X=`g[6GX=M'Se[6WnS/O \¿[6WÄ©Ł#M'[6OÄ[$f/Dg`aGR`mf
[6W<R`gX=UbJ
Ý
ïBð!íyÞwð¯ñ úß

¦
©«
}<~
úItà
}<~
÷y(áâ
£¥ ¤

£¥ t#ﬁã
¦
 ¤J
s
W
rs­ä	rts¹å	r
{{{Z

¤¥S b¨S¤-¨

¬E 

£¥ Z )

©

£¥[#4 
a
 )

©

£¥B)æ¨£


¦
£

£'


Lç
SS©«

 «S
¦

sßoèsJé

£¥ t«#
t S t N	#Xê1§Ł£

©

 ë¤¥Ł

"	
&
¬
á
S/WnSdE*G [6W<R`gX`gUÄfbE*DgDgSbsßê1§Ł£

©

 ë¤¥Ł`g\(`aXÖDg`mSeUÖSeG!X=`aWnSeDaT`gG;E X
p

p
DmE*WQG'Se`g_6MH,[6WYM'[¯[$s[6\4XYM'S
PRWY`gOZE*W=TÖM'[6OÄ[¯feDg`aGR`mf[6W<R`gX@Å¢EwG'sÕOÕEwxjSbUS)E6feXYDgTQX6
[ª
`gGRs`gG'_6UN`gGXYMR`mU-X
p

p
DFE*WNG'Se`g_6MH,[*W=M'[¯[$s,J
D(p
WB[6WY`m_6`aGE*D6OÄ[6XY`gi*E*X=`g[6G
E6UBX=M'S^\¿[6DaDm[ﬁ
`gGR_[S'UYSeWYi6EwX=`m[*G­ÚB[6DaOZSeUbt*c|`gSeDgx6S&ì
D
q HSe`aDgDaT. cd
D
jﬂ
fb[*G'UY`gsRSeW=SbsÕEUﬂT$UﬂXnS/OXYME*X-UnEwX=`mU¿'SbU-E6UYU
p
OQPRXY`m[6G'US"+
p
`gi*E*DmS/G!X^Xn[
}<~
úItà
}<~
ô¹

p
X-P[jUYU=SbUYU=SeU1E*DgU=[
(EwOÄ`aDgXn[*GR`FE*GdUYXYW
p
f/X
p
W=S6J
V
S/P,S/G's`gGR_I[6G X=MRSQUﬂ`m_6G [6\1E|feSeW=XnE*`gG fe[$S
¸
f/`mS/G¯XíÄ[6\NX=M'S>+
p
E6sWnE*X=`gf
PE*WYX([*\X=MRS¢(EwOÄ`aDgXn[*GR`FE*GÌU=SeSy$SefeXY`m[6G . SeDm[ﬁ
 \¿[*WsSeX¥Ew`gDmUtﬃ1Se`gXYM'SeW[6\ÝX=M'S\¿[6DgDg[
`aG'_¢X6
N[Õf~E6UYSbU
[¯fbf
p
WnU	Ú
íaîE¬ÞX=MRSeWnS|E*W=SÕX6
[ U=S"+
p
SeG'feSbU
s
W
î
s­ä
î
s¹å
îï{{{Kîè¬ E*G's3ð
s
W
O ð
s­ä
O ð
s¹å
Oñ{{{KOò¬
[6\KPEwW¥E*OÄSeX=SeWZi*E*D
p
SbU:
M'SeW=S%Ł M'[6OÄ[¯feDg`aGR`mf[*WR`aXnUZS)¯`mUYXbJ¶#cI[6W=Sb[ijS/W~t4EwDgX=MR[
p
_6M GR[6X[6\
fe[6G'fbS/W=GkM'S/WnS6t¯`gGkE\
p
DgD
s
Ł GRSe`m_*M- [
p
WYM'[¯[$sÄ[6\Â¬t$XYM'SeW=SE*W=S(sT!GE*OQ`mfeU1fb[*GS
p
_2E*X=SX=[ÖEÈUYMR`a\FX
[6Gk`aGIRGR`aXnSeDaTZOZE*G!TÕUﬂT¯O,[6DgUﬃ¶J
íaOE¬ÞX=MRSeWnS`mUEQG'S/`m_6MH [6W=MR[$[¯sd[6\¬Q`gGIPE*WnE*OZS/XnS/W(UﬂPE6fbS*
M'SeW=SÈG'[QWnSbf
p
W=W=SeG!X9 SeME~i!`m[
p
W(`aG E
G'S/`m_6MH [6W=MR[$[¯s[6\ÎX=M'SPRWY`gOZE*W=TÄM'[6OÄ[$f/Dg`gG`mf[6WR`aXKÅ¢f~EwG S4\¿[
p
G's,J
}MR`gUUﬂ`m_6GIfb[6GRs`gXY`m[6Gk`mU\¿[6WYO
p
DmE*XnSesk`aGIX=SeWYOZU[6\ÝX=M'S8(E*OQ`gDaXn[6G`FE*Gt$U=[Ö`gXU=SeSeOÄUG'E*X
p
WnE*DBXn[.RG's
Se`aX=M'S/WE*G E*GE*Dg[j_
p
S8`gG X=MRSÖGR[6GŁﬁE*OQ`gDgX=[6GR`mE*GdfbE6U=SÖ[6W(Xn[PRWn[i6SÖXYME*XXYM'SeW=SÖ`gUU=[6OÄSs`=,S/WnSeGRfbS
 SeX6
NSbSeG X=MRS(E*OQ`gDaXn[6G`FE*GdE*G's XYM'SÈG'[6G$Łﬁ(EwOÄ`aDgXn[*GR`FE*G|fbE6U=S*JKu S
`gDaDÎsR[ÕX=M'S8DFE*XYXnSeW4E*G's UﬂM'[ﬁ

 SeDm[ﬁ
&X=M'E*X\¿[6WKE*OÄ`aDgX=[6GR`FEwGdUﬂT$UﬂXnS/OZUKfb[*G's`gXY`m[6G
}<~
÷y
`gU4G'Sei6SeWUnE*XY`mU¿'SbsÄÇ`aG \ÇE6feXbtE6U9
NSª
`gDgD

U=SeSÈ`gG y$Sbf/X=`g[6G $tX=M'S8ijSbf/Xn[6W9Ù_jSeG'S/W=`gf~E*DaDgTDg`gSbUX¥EwG'_jSeG!X4X=[ È
É
ŁVaﬃ`aG,Ì
É
ﬃ¶J(}M`mU(S)¯PRDFE*`aG'UXYM'S
s`=,S/WnSeGRfbSF,S/X6
SeSeG[ p WN}M'Sb[6W=SeO {E*G'sÖX=MRSW=SbU p DgX=U-`aGR cd D jﬂ#JÝu%SF
E*G!X-X=[8S/OÄPME6UY`#¯bSX=M'E*X
}M'Se[6WnS/O {QUYMR[
UKX=M'E*Xa
`aX=M'[ p X(E*OQ`gDaXn[6G`FE*G UﬂX=W p feX p WnSQ[6G'SQf~E*G%_jSeGRSeW=`gf~E*DaDgTIS ¯PSbfeX8Xn[RG's
`gG'RGR`gX=SeDaTÄOZE*G!T|©Ł#M'[6OÄ[$f/Dg`gG`mf[6W`gXnU1\¿[*WPE*W¥EwOZS/XnSeWi*E*D p SbU1G'SbE*WZ¬J
[ﬁ
NSei6SeW~tE W=Sei6SeWnUﬂ`#RDgS E*OÄ`aDgX=[6GR`FEwGUYT¯UYX=SeO E*UZfb[*G'UY`gsRSeW=Sbs;`aGó cd D 2ﬂf~EwGE SdSeO,SesRsRSbs
`gGÞE [6GRS/Ł P'E*W¥E*OÄSeX=SeW\ÇE*OQ`gDaT [6\WnSei6SeW=UY`#DmSijSefeXn[*W>RSeDmsUbJ}B[ XYMR`mUS/G'sC
S`gG!XYWn[¯s p fbSkEwG'[6X=MRSeW
PE*WnE*OÄSeXnS/WZô|EwG'sIfe[6G'Uﬂ`msRS/W
m
no8p

nTrsr
ôIﬃ
r

nTrtskr
ôIﬃ!uUv w x zGv wzUv wÂ{ #/ﬃ
}M'S/GdX=MRSK\¿[*DgDm[ﬁ
`aG'_ÈX=MRSb[6W=SeO M'[*DmsRU"Ú
Ý
ïBð!íyÞwð¯ñ
®


¦
©«
õ
÷öø

¤5S



¤'
}<~
ú¥à
}<~
ô¹
£

æZ 

*S5ô
á
õ
÷öGùyﬁ

 ©
õ¿ú
öª#ûaS©ª
6
¤¥NS¤ ﬁ

 ©ü 

Zô
o
¬
á
õ
÷ö
Û
Ûý
Ù
o
Û¿þ
Û6Ü	Ûý
Õ|
sr
ôIﬃ

so
ô
o
¬7#

S¤' S tﬁ
6
È
É
ŁVaﬃÂØÌ
É	á
â
£¥ ¤

£¥ tUStG¤ßL¤¥

 ëE©>S¤¥8
¦
)SRô
éRo
ô
é

s
ﬃ¡:´
o
{
r

r
{{{

£'



 t
çy
¤5
6
ê1§
£

©

 ë¤¥Ł

"	


á
â
¢

ﬁ:S¤; >S#

¤-¨
¦
#£¥
õ


©
ç
St @æ¨
á
õ
 ö[S¤5
õ
¿öö

)t
çy
¤5S¤-¨
B
£¥a æ¨S¤

 
í 



£¥û*S©ª
6
¤¥NS¤ 

 ©ò

ô
o
¬
á

`aGE*DgDaTjt¯U
p
PP,[jUYSXYME*XUﬂT$UﬂXnS/O ﬂ{ﬃNME6U[¯sRskUYT!OQOZS/X=W=T
}<~

p

nTrts
ﬃ
oüp

KnTrts
ﬃ/J
}M'S/G7
NSKM'Ei6SXYME*XaY{ﬁﬃN`mU1WnS/ijS/WnUY`RDmS
p
GRsRSeW

ãE*DgU=[Rt'
M`mfnM|DmS~E*sRUXn[X=M'S\¿[6DaDm[ﬁ
`gGR_RJ
ä8íyÞwí+æÇæÇç'Þ ó

¦
©«
}<~
úI
§
}¿~
ô¹
S¤5
}<~

¡

£¥ ¤
	

S ¤
}¿~
÷y
¡

£¥ ¤

£¥ t:St

¢

ﬁã
¦
 ¤J
s
W
î
s­ä
î
s¹å
î%{{{Âîó¬;S¤5 ð
s
W
O ð
s­ä
O
ð
s¹å
O {{	{QOñ¬

 
ç
S<S©«

 S
¦
¢k£¥ tê1§Ł£

©

 ë¤¥Ł

"	

R/#
Ôá
¤J[ﬁã
¦
 ¤J


)t
çy
¤5
6
§6t S  N	#

		

¡

£¥

£¥ 
6

§6t S t N	#
á

S ¤ûaS©ª
6
¤¥NS¤R


¦

N¦
¡

£¥ ¤

£¥ t>St

¢

ﬁã
¦
 ¤J
s
W
î
s­ä
î
s¹å
î {	{{¹î ¬
S¤5Äð
s
W
Oñð
s¹ä
Oñð
s¹å
O {{{TO¬[ [6X=M

)
çy
¤5S¤-¨
6
§6t S  N	#aê1§Ł£

©

 ë¤¥Ł

"	


¢k£¥ t

o




è-
ç
 ¤5S¤-¨

¤

£¥Q æ¨S¤

 Zí
á

S ¤

£¥ª
¦
©
çÃ


¤'

 
â
£¥

t ©èêS¡

£¥ ¤

£¥* æ¨S¤

 
s
 

¢k£-Ł£B§6t S  N	#S¤5

§6t S  N	#
çÃ¦
÷ﬁ


¦
Q#-

 )©ª¤JB	

£¥Q æ¨S¤

 Zô
á

µν
µ
ν(a) (b)

`g_
p
WnSÄ{/Ú
ª^Ë¸b½¿¾µb³Yµ~ÁK¬n·ﬁ¬n³²!¹¯°a¸»±º¯®±¹!Æ¸°/½¿¾$²!»±Àﬁ¬(«!¸ÁK¸6´¥»±®±¹!®¼´¸~³ﬁ­¯®±·ﬁÀ(ÑFº$µ~Àﬁ«!¬¥ºÕ»±®±¹!¬¥À=Ò^®±¹µÈ¹!¬¥®±Æ«*­'¸²2³½
«!¸6¸*º8¸°µ¾!³Y®±Áµb³ﬁÂ4«!¸ÁK¸6´¥»±®±¹!®¼´	Ë-«!®±´Y«K¸*´¥´¥²!³ﬂÀÝ°g¸~³ﬀ6ÊBª«!¬¾µb³Yµ~ÁK¬n·ﬁ¬n³ﬂﬁK®±ÀµÆ¬¥¹!¬n³Y®±´-Ù1µ~ÁK®±»Ã·ﬁ¸¹¯®¼µ~¹j½
­!³ﬂ¬¶µbØj®±¹!Æ|¾$µb³Yµ~ÁK¬n·ﬁ¬n³/Êﬃ^µ~Àﬂ¬¥ÀZÑ¿µ©ÒÈµ~¹!º;Ñm­Ò´¥¸~³ﬁ³ﬂ¬¥À¾'¸¹!º ³ﬂ¬¥À¾'¬¥´n·ﬁ®ÃÅ©¬¥»ÃÂ ·ﬁ¸! #" µ~¹!º$ !%&|°g¸~³8·ﬁ«¯¬
Ù1µ~ÁK®±»Ã·ﬁ¸¹!®aµ~¹ÈÀﬁÂ6À·ﬁ¬¥Á&µb·ﬁ'$6ÊÎª«!¬1µ~º!º!®±·ﬁ®±¸¹¯µ~»RÀﬁ¸»±®±ºÈÀ·³Yµ~®¼Æ«w·»±®¼¹!¬-´¥¸~³ﬁ³Y¬¥À¾'¸¹!º!À·ﬁ¸4¾$µb³Yµ~ÁK¬n·ﬁ¬n³-Å~µ~»±²¯¬¥À
()+*jÑ,ﬁ!ÒNµb·ËN«!®±´ﬂ«Z«!¬n·ﬁ¬n³ﬂ¸6´¥»±®±¹¯®±´¸~³ﬁ­¯®±·ﬁÀN¬=Ó2®±À·1°¼³Y¸Á3·ﬁ«!¬(¸~³ﬂ®±Æ®¼¹Q·ﬁ¸¢µÈÀﬁÁµ~»±»,µ~Á¾¯»±®Ã·ﬁ²¯º!¬¾'¬n³ﬂ®±¸6º!®±´¸~³ﬁ­$®Ã·
ÑFÀﬁ¬¥¬.-2¬¥´n·ﬁ®±¸¹/ÒYÊ
ﬀ
0 dfeg ý Qß&h il21/ QßLh

X	ME*U,Sefb[6OÄS+ p `gX=S1UYXnE*G's'EwWnsXn[4Uﬂ`gOQPRDg`a\FTE4sT!GE*OQ`mfbE*DUﬂT¯UYXnS/O G'SbE*W-E4UY`aG'_ p DmE*WÝP[6`aG¯Xk¯T p UY`aG'_
G'[6WYOÕEwD	\¿[6W=O E*GE*DaT$Uﬂ`mUetÝUYSbSÖ\¿[6WS E*OQPRDmS ]^DgSeXnE*DÇt

C(2ﬂÌJÕy p fnMEG'[6W=OZE*D	\¿[*W=O:`aG XYM'SÄfbE6U=SQ[6\
`gG!X=SeWnSeUYX	MRSeWnS@
`gDgDH S1SbUYU=S/G¯XY`FE*DaDgTsRS/XnSeWYOÄ`aG'Sbsa¯T8X=M'SNDg`gGRS~E*WÎPE*WYX	[6\
p
EwG'sÈX=MRSWnS/ijSeW=UY`R`gDa`gXTjJÝ}M'S
PRW=[$feSbs p W=S(`mUNUY`aOÄPRDgS6J

`gW=UYX1[*G'S(fbE*Dmf p DFE*X=SbU-X=M'SG'[6W=OZE*D+\¿[6W=O@G'SbE*WE8UnE6sRs$DmS/Ł fbS/G¯XYWnS4S"+ p `gDa`#RWY` p O

`gXYM'[ p XNX¥E*x!`aG'_ÈWnS/ijS/WnUY`R`gDa`gXT`aG¯X=[E6fefb[ p G!XbJN}MRS(G'[6WYOÕE*D+\¿[6WYO`aGRM'S/W=`gX=U-XYM'S(W=SeijS/WnUﬂ`#R`aDg`gXTQ[6\XYM'S
[6WY`m_6`aGE*D!ijSefeXn[*W'SeDgsJ^y$[4`aGÖE4U=Sefb[6GRsQUﬂXnS/P>
NS1ME~ijS1X=[fnM'Sbfnx
MR`mfnMÖWnSeUYXYW=`mf/X=`g[6G'U	EwWnS`aOÄP[jU=Ses¢[6G
X=MRSÈE*DaWnSbE6sTfe[6OÄP p XnSesIG'[6WYOÕEwD\¿[6W=OIJ-uå`aX=M'[ p XX=M'SKWnS/ijSeW=UY`R`gDa`gXT[6GRSÈE*WYW=`aijSbUE*XX=MRS\¿[6DaDm[ﬁ
`gGR_
 M43 {ﬃﬁUYXYŁ [6WnsSeWG'[6WYOÕEwD\¿[6W=O3
M'SeW=S65
W
r
5
ä	r87
W
E*GRs
7*ä
EwWnSXM+Ł#X=M|[6WnsSeWP,[*DgT!G'[6OQ`FE*DgU	Ú
m
no
º
»
»
»
»
»
¼
n
W9
5
W

n
W
n5ärn
ä
å
3
n
ä
x
rts
ﬃ
n5ä
9
5
ä

n
W
n5ärn
ä
å
3
n
ä
x
rts
ﬃ
n
x
9
7
W

n
W
n5ärn
ä
å
3
n
ä
x
rs
ﬃ
nyå
9
7*ä

n
W
n5ärn
ä
å
3
n
ä
x
rs
ﬃ
½
¾
¾
¾
¾
¾
À
{ ﬂ{ﬃ
}ÎE*x!`gG'_`gG!X=[ÄE*fbfb[ p G!XXYM'SWnS/ijSeW=UY`R`gDa`gXTjt_6`gi6SbUX=M'SE6ss`gXY`m[6GEwD,WnSeUYXYW=`mf/X=`g[6G
5
W
o 
5
ä r 7
W
oó.7aä
{
S/G'fbS[6G'SE*WYW=`aijSbUE*XXYM'S\¿[6DgDg[ﬁ
`gG'_[#(M43 {ﬁﬃŁUﬂX[6WnsSeWG'[6WYOÕE*D\¿[6W=OÚ
m
no
º»
»
»
»
»
¼
n
W9
5:
n
W
n5ärn
ä
å
3
n
ä
x
rts
ﬃ
Yn5ä
9
5:
n
W
n5ärn
ä
å
3
n
ä
x
rs
ﬃ
Yn
x
9
7

n
W
n5ärn
ä
å
3
n
ä
x
rts
ﬃ
nyå
9
7

n
W
n5ä	rn
ä
å
3
n
ä
x
rts
ﬃ
½¿¾
¾
¾
¾
¾
À
#/ﬃ

`gXYM5@E*GRs
7
,S/`gG'_ÖWnSbE*DÂM+Ł#X=MI[6WnsRS/WP[6DaT¯GR[6OÄ`mE*DmU1E*G's5>Ł¬
r
¬
rts
ﬃ
o
³@
s
ﬃ
r87
b¬
r
¬
rs
ﬃ
o
µZ
s
ﬃ¶J
:
[*XnSZXYME*X¢XYMR`mUG'[6W=OZE*D-\¿[6W=O `mU`gG!XnSe_6W¥ERDmS(ÚÖ`aXÈP[jU=UYSbUYU=SbUXYM'SBRWnUﬂX¢`gG!X=Sb_6WnE*DmU<;
W
Ú
o n
W
n5ä
E*G's
;
ä
Ú
oßn
ä
å
3
n
ä
x
J

XZ`gUQGR[6XZx!G'[ﬁ
G2
M'S/X=M'S/WkE*G!T i6Sbf/Xn[6WBRSeDmsÞDm[¯f~E*DaDgT G'S~E*WÕE WnS/ijS/WnUY`RDmSIUnE6ssDmS¶ŁfbS/G!XnSeWÕf~E*GP S
fb[*GS
p
_2E*X=Sbs X=[ÕU
p
fnM EÄGR[6W=OZE*DÎ\¿[6W=OIJ4}M'S.`mE*P
p
G'[idLSeG!XYWnSÖ}M'Se[6WnS/O>\¿[6WWnSei6SeW=UY`#DmS¢UﬂT$UﬂXnS/OZU
_
p
EwW¥E*G!XnSeSbUX=M'SS ¯`mUﬂXnS/G'fbS¢[*\^EQX6
N[*Ł s`gOÄSeG'Uﬂ`m[6G'E*DBfbS/G¯XYWnSOÕE*G`g\¿[6Dgst'
p
XX=M`mU`mUG'[6XSeG'[
p
_6MJ

G
_jS/G'SeWnE*D t'[6GDgTÕMR`g_6M'S/W[6WnsRS/WX=SeWYOZU`gGkXYM'S=ﬁM¯T!PSeW<,[6Da`mf?>Qs$`gWnSefeXY`m[6G'U
n
W
r<n5ä
f~EwG SW=SeOÄ[ijSbs,t+UYSbS
S6J _RJk yE*OZz/0$tRl[6G1ﬀﬁﬂ#J-SeG'feS6t'X=M'SW=SbU
p
DgX=`aG'_¢G'[6WYOÕEwD,G'[6WYOÕEwD\¿[6W=O `mU1OÄ[6WnS(fb[6OQPRDg`gf~E*X=SbskE*GRsk`aX
`mUG'[*XSeijS/G feDgS~E*WXYME*XX=MRS8fe[6GS
p
_2EwX=`gGR_Qs$`#=Sb[6OÄ[6W=PMR`mUﬂO fe[6OÄO
p
XnSeUK
`aX=M|X=M'SE6f/X=`g[6G|[6\¢JNy$[
\¿[6WXYM'SPRWnSeU=SeG!XPE*PSeWbt'
SKX¥EwxjSE6UE*GdE6U=U
p
OQPRX=`g[6GX=MEwX[
p
W[6W=`g_6`gG'E*Di6Sbf/Xn[6WK'S/Dms`mUfe[6GS
p
_2EwXnS
Xn[XYM'SG'[6W=OZE*D\¿[*W=Oñ#/ﬃ/J
:
[*XnSÖE*DgU=[ÕX=M'E*X~t\¿[6W(X=M'S¢G'[*W=OZE*D\¿[6WYO #/ﬃ/t,XYM'SDm[¯f~E*D
p
G'UﬂX¥E(DmSÖE*G's UﬂX¥E(RDgS¢OÕEwGR`g\¿[6DgsRU[6\¬EwWnS

p
UﬂXX=M'S
n
W
Ł-E*GRs
n5ä
ŁE¯`mUeJ^}M'SDm[¯f~E*D,fbS/G¯X=SeWOZE*GR`g\¿[*DmsBV3`mURDaDmSbsB
`aX=Mkf/`gWnf
p
DFEwW1P,S/W=`g[$s`gf([6W<R`gX=U
E*G'sk`gX=UUYXnE(RDmS4OZE*GR`a\¿[6Dms[È
É
bVﬃ
oA@ﬁn5ä!o
¬CB`mU1`aG'sRS/P,S/G'sRSeG!X[6\
s
J
z
Σ s
0
Π
(a) (b)
Fix(R)
Fix(R)
0
Πloc
Σ u
glob

`g_ p WnSÚ
Ñ¿µ©Ò(ª«!¬ÈÁµb¾¯ÀD
ÐÒÑÔÓ
µ~¹!ºD
Ö
ÐÒÑÔ×
®±¹ µÄ¹¯¬¥®±Æ«w­'¸²2³Y«!¸*¸6º|¸°1µZÀÂjÁKÁK¬n·³ﬂ®±´È«!¸ÁK¸6´¥»±®±¹¯®±´¸~³ﬁ­$®Ã·¥Ê
ª«!¬Ï¯Æ²!³ﬂ¬1®±À^º2³Yµ¶Ë-¹¢­*ÂÈ¾!³ﬂ¸?Eﬁ¬¥´n·ﬁ®±¹!Æ4¸²2·^·ﬁ«¯¬1·ÇË	¸K´¥¸b½Ç¸~³ﬂº!®±¹$µb·ﬁ¬º!®Ã³ﬂ¬¥´n·ﬁ®¼¸¹!À	´¥¸~³ﬁ³ﬂ¬¥À¾'¸¹!º!®¼¹!Æ·ﬁ¸4·ﬁ«¯¬´¥¬¥¹w·³ﬂ¬
Áµ~¹!®¼°a¸»±ºÖµb·F6ÊNÑm­ÒHG;¾'¸ÀﬁÀﬁ®±­¯»±¬´¥¸¹2Ï¯Æ²2³Yµb·ﬁ®¼¸¹Ö¸°¹!¸¹j½ÇÀÂjÁKÁK¬n·³ﬂ®¼´«!¸ÁK¸6´¥»±®±¹!®±´¸~³ﬁ­¯®±·ﬁÀ¥ÊIÝÂ¢³ﬂ¬nÅ©¬n³ﬂÀﬁ®Ã­$®±»±®Ã·ÌÂ
·ﬁ«!¬nÂÁ(²!À·B¸6´¥´¥²2³Î®±¹4¾$µ~®±³ﬂÀ¥Ôwµ~¹!ºKÀﬂ®±¹!´¥¬	·ﬁ«!¬nÂº!¸¹!¸~·Ý®±¹w·ﬁ¬n³YÀﬁ¬¥´n·Ï2Ó'ÑKJÒ,·ﬁ«!¬nÂµb³ﬂ¬¸°'µ1«!®±Æ«!¬n³B´¥¸b½Çº¯®±ÁK¬¥¹!Àﬁ®¼¸¹'Ê
L
®ÃÅ©¬¥¹Q¸*º!ºQÀÂ6ÁÁK¬n·³ﬁÂÕÑNMO¯Ò	·ﬁ«!¬¥Àﬁ¬¸~³ﬁ­¯®±·ﬁÀ^Ë¸²¯»±º¢­'¬ÀÂ6ÁÁK¬n·³ﬂ®±´1²!¹!º¯¬n³QPﬂJ4Ê
R SãßL [ T18 41dfeg ÄßgQh û
lNT
}<~
óÃ
t
S1OZE~T
p
UYS1X=M'S1XYW
p
GRf~E*X=SbsG'[6WYOÕE*D¯\¿[6WYOÏ#/ﬃÝ[6\X=MRSijSefeXn[*W&RSeDms8\¿[6W^[
p
W	f~E*Dgf
p
DmE*X=`g[6G'UbJ
}M'S`gG!XnSe_6W¥E(`gDg`aXTÕ[6\ÝX=M'SG'[6WYOÕE*D\¿[*W=O ME6UX=MRS8GR`gfbSS"=SbfeXX=MEwXOÄ[jUYXf~EwDmf
p
DFE*XY`m[6G'UEwWnSUY`gOQPRDgS
E*G'sXYM'S_jSb[*OZS/X=W=T* Sbfb[*OZSeUi6SeWYTfeDgS~E*WbJ	}M'SfbE*Dmf
p
DFE*XY`m[6GRU	E*W=SUY`gOQ`gDmE*WBXn[X=MR[jU=S[6\,c|`gSeDaxjS

S
á
t
E*DaX=M'[
p
_6MÄXYMRWn[
p
_6MÕXYM'S4E(RU=SeGRfbS4[6\(E*OQ`gDaXn[6GR`mE*GUﬂX=W
p
feX
p
WnS(XYM'S(_jSe[6OÄSeX=WYT`mUOZ[*WnSfb[6OQPRDg`gf~E*X=SbsJ
u S
`gDaDfe[6G'UY`gsRSeWE«?Ý[6`aG'f~E*WÍSÈOZE*P E*Dm[*G'_ÄXYM'S¢PRW=`aOÕEwW=TM'[6OÄ[¯feDg`aGR`mfK[6W<R`gXÅ'4<ﬃ/J}MR`gUQ?Ý[6`aG'f~EwWÍS
OZE*P
`gDgDJ,SKsRSefb[6OQP,[6U=Sbsk`gG!X=[ÄEDm[¯f~EwDE*G'sIEÖ_6Dm[S'E*D,PEwW=XK
M'SeW=SXYM'SDm[¯f~E*D,PE*W=X`gUsRSeX=SeWYOÄ`aG'Sbs
!TÈXYM'S1G'[6WYOÕE*D$\¿[6W=O3G'SbE*W&¬E*G'sX=MRS_6Dm[S'E*D$P'E*W=X^`gUOZ[¯sRS/DgDmSesa!TÖE4s`=,Se[6OÄ[6W=PRM`mUYOIJÝy$SbS

`m_
p
W=S


[6WXYM'SsRSefb[6OQP,[6UY`gXY`m[6Gt-
NS9
`gDaD,fnM'[¯[jUYSKEÈX=W¥EwG'UYi6SeWnUYSKU=Sbf/X=`g[6G7Ì
Ë
X=[¢X=M'S4MR[6OZ[¯feDa`gGR`gf[6WR`aXÅÈE*X
so
¬J	u SX¥E*x6S
Ì
Ë
Ú
oA@ﬁn
W
oVU
$
n
ä
ä
3
n
ä
å
3
n
ä
x
î)W
ä
B

M'S/WnS
U
EwG'sXWEwWnSfnM'[jU=S/G UYOZE*DaDU
p
fnMIX=MEwXQÌ
Ë
`mUfb[6G!XnE*`gG'SesI`aG|XYM'SKG'Se`g_6MH,[6WYM'[¯[$sk[6\¬.
M'S/WnS
X=MRS4ijSbf/Xn[6WK'S/DmsÕ`gU1_6`gi6SeG!TZXYM'S4G'[6WYOÕE*D\¿[6W=OIJ	CUE¢U=Sbfe[6G'skX=WnE*G'UYi6SeW=U=SU=Sbf/X=`g[6G
SfnM'[¯[jUYSKXYM'S

OQ`gW=W=[6W`aOÕE*_jS
Ì
É
Ú
o
ªÔÌ
Ë
ﬃ
o@ﬁn5ä@oVU
$
n
ä
W
3
n
ä
å
3
n
ä
x
î)W
ä
BH{
h
Uﬂ`gG'_XYM'[jU=SX6
N[ZUYSbfeXY`m[6GRUK
NSsRS"RGRS8EDm[¯f~EwD­?Ý[*`gG'fbE*WÍSOZE*P
Y
Ü
Ð ÑÔÓ
ÚHÌ
É

Æ Ì
Ë

n
É
W
rn
É
å
rn
É
x
ﬃ[Z

Æ 
n
Ë
ä
r<n
Ë
å
rn
Ë
x
ﬃ
`gGRs p fbSes!TXYM'S\'[ﬁ
 [6\ÎX=M'SG'[*W=OZE*D\¿[6WYOñ Sﬃ/J^C&_6Dm[(E*D,OZE*P
Y
Ü
Ö
ÐÒÑÔ×
Ú-Ì
Ë

Æ Ì
É
`mU-_6`aijSeG«¯TÖXYM'S(fe[$[6W=s`gG'E*XnSX=WnE*G'UY\¿[*W=OZE*X=`g[6G'U^G'S~EwW¬8E*G'sZXYM'S(_6Dg[SE*D+\R[
 EwDm[6G'_X=M'SM'[6OÄ[¯feDg`aGR`mf
[6W<R`gXZÅ$Ju%S8U p PPRWnSeU=U4\¿[6WZ,[6XYMR?Ý[*`gG'fbE*WÍSOÕE*PRUX=MRSe`gWsRS/P,S/G'sRSeGRfbSÖ[6G XYM'S8PEwW¥E*OÄSeX=SeW
s

M'SeG
X=MRSKOÄS~EwGR`gG'_¢`gU[S!i!`m[ p UeJ
V
p SKXn[QX=M'S8S ¯`mUﬂXnSeGRfbSÈ[*\	X=M'SPRW=`aOÕEwW=TÕM'[*OZ[¯feDa`gGR`gf4[6W`gX\¿[6W
sRo
¬t5
NS8x!G'[ﬁ
 XYME*X
Y.]
Ö
Ð ÑŁ×
OÕEwP'U
Ł¬
r
¬
r
¬1ﬃ&uRÌ
Ë
X=[7b¬
r
¬
r
¬/ﬃ@uRÌ
É
J
y¯`aG'fbS*tL!T
}<~
óÃ
tXYM'Sfb[¯[6W=s`gGEwXnSÄXYW¥E*GRUY\¿[6WYOÕE*XY`m[6G%fb[6OQO
p
X=SbU
`aX=MÄ¢t	XYM'S_6Dm[(E*D-OÕE*P%`mUH1Ł
WnS/ijS/WnUY`RDmS(Ú
Y^
W
Ö
ÐÒÑÔ×
b
n
ﬃ
o

Y
Ö
ÐÒÑÔ×

n
ﬃ){
}M'SG'S ¯X4DgSeOQOÕEfnME*WnE6feX=SeWY`°¯bSeUK©Ł#M'[6OÄ[$f/Dg`gG`mf(UY[6D
p
X=`m[*G'U`aGdX=SeW=OÄU[6\	X=MRS8X6
N[ ?Ý[6`aG'f~EwWÍS8W=SeX
p
W=G
OZE*P'UbJ
_
ð$ñ%ñ%ç ô â
£¥ /#

. ©ª©«

 Ł*ê1§Ł£

©

 ë¤¥Ł

"	


&
£¥
ç
SS©«

 XS
¦
`
s
 a
Ycb
Ü
Ð ÑŁÓed
Yfb
Ü
Ö
ÐÒÑÔ×
Ł¬
r
¬
r
¬1ﬃ
o

d
Yfb
Ü
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬/ﬃ {
g
Þwí,í
hIíih æÇð¯ñvñ ç ôBò
u%S S ¯PRDmE*`gGRW=UYX[
M!Tå`gG [
p
WkUYT¯UYX=SeO 
NS%E*W=S [6GRDaT;`gG!X=SeWnSeUYX=Sbs`gG
UYT!OQOZS/X=WY`mfM'[*OZ[¯feDa`gGR`gfÝ[6W<R`gX=UbJÎHSbf~EwDgDjXYME*X\¿[6WW=Sei6SeWnUﬂ`#RDgSUYT¯UYX=SeOÄUÝEK`FEwP
p
G'[iKLS/G!X=WnS-}M'Se[6WnS/O
M'[6DgsRU	$'XYM'SÈfeSeG!X=W=S8OZE*GR`g\¿[*DmsÕ`mU\¿[6Da`FE*X=Sbs[!TkM¯T!PSeW<,[6Da`mfPSeW=`g[$s$`mfK[6W`gXnUeJ

[6WX=M'E*XW=S~E6UY[6G S/ijSeWYT
M'[6OÄ[¯feDg`aGR`mf[6W<R`gX1M'E6U1Xn[Dg`gS`aG|XYM'S[6G'S¶Łs`aOZS/G'UY`g[6GE*D
p
G'UﬂX¥E(RDgS4OÕEwGR`g\¿[6DgsZ[6\k¬E*G's,t'UY`gGRfbS4`gX`mUE
M'[6OÄ[¯feDg`aGR`mf[6WR`aX~t¯E*DgU=[8`aGZXYM'S([6GRS/Łs$`gOÄSeG'Uﬂ`m[6GEwDUYX¥ERDmSOÕEwGR`g\¿[6DgsÖ[6\T¬Jy¯[8X=MRSM'[6OÄ[¯feDg`aGR`mf[6WR`aX
#aÌ[*G'S¢fb[*OÄP[6G'S/G¯X4[6\ﬃF,[*X=M X=MRS¢UYXnE(RDmS¢E*G's
p
G'UﬂX¥E(DmSÈOZE*GR`a\¿[6DmsJ(y¯`aG'fbSÈXYM'[jUYSÈX6
[OZE*GR`a\¿[6DmsRU
E*W=SWnS/DFE*X=Sbs>¯TQX=MRSWnS/ijS/WnUY`aG'_UYT!OQOZS/X=WYT« ÇU=SeS:
V
Sﬀ6ﬂ°ﬃXYM'SMR[6OZ[¯feDa`gGR`gf[6W`gX-ME6US/`gXYM'SeWNXn[a S
UYT!OQOZS/X=WY`mf6t2[*W^X=M'S/WnSE*WnSX6
N[8UﬂT!OÄOÄSeXYW=T2Ł W=SeDFEwXnSbsM'[*OZ[¯feDa`gGR`gf[6W<R`gX=UK#E6U	`aG

`m_'45ﬃﬃ¶J^[ﬁ
NSeijS/W~t
X=MRSKGR[6GŁUﬂT!OÄOÄSeXYW=`mf(UY`gX
p
E*XY`m[6G`gU[*\fe[$s`aOZS/G'UY`g[6GŁ#X=MRW=SbS(`aGI_6SeG'S/W¥E*DW=SeijS/WnUﬂ`#RDgSUﬂT¯UYXnS/OZUK Sbf~E
p
U=S

NSÈWnS"+
p
`gWnS8X6
[[6GRS/Łs$`gOÄSeG'Uﬂ`m[6GEwDÎOZE*GR`a\¿[6DmsUX=[« S8`msSeG!X=`'Sbsd`aGCvw
x
¿`gXY
[
p
Dms SÈfb[¯s`aO:Ö\¿[6W
(EwOÄ`aDgXn[*GR`FE*G WnS/ijSeW=UY`RDmSkUYT¯UﬂXnSeOÄUﬃ¶JÞlNTfb[*G¯XYW¥E6UﬂX~tNUYT!OÄOÄSeXYW=`gfZM'[6OÄ[$f/Dg`aGR`mfÄ[6WR`aXnU[¯fbf
p
Wª
M'SeG
{ﬁ¬
X=MRS[6G'S/Ł s`gOÄSeGRUY`m[*GE*D+OÕE*G`g\¿[6DgsBÈ
Ë
Ł¬$
s
ﬃ`aG!XnSeW=U=SefeXnUXYM'S4PRDFEwG'S'JŁXﬃ¶J}MR`mU1`gU1[6\Îfb[¯s`aOZS/G'UY`g[6G
[6G'S4`aG,v wyx©JS/G'fbS*t'UY`gGRfbSQ
SE*W=S4`gG!XnS/WnSeUYXnSes|`aGk_jSeGRSeW=`gf4PRM'S/G'[6OÄSeGE[6Gki*E*W=T!`aG'_Ö[6G'S4PE*WnE*OÄSeXnS/W
s
t'
NSDm[¯[6xQ[6GRDaTZ\¿[6WUﬂT!OÄOÄSeXYW=`mf©Ł M'[*OZ[¯feDa`gGR`gfUY[6D p XY`m[6GRUbJ^}M'SeU=S[$fef p WF
MRSeGÈüË1Ł¬1ﬃN`aG¯X=SeW=U=Sbf/XnU
'¹ŁXﬃN`aG|EGRSe`m_*M- [ p WYM'[¯[$s[6\k¬J^CUab¬
r
¬
r
¬1ﬃ@uRÌ Ë Dg`gSbU[6GkX=MRS p G'UYXnE(RDgSKOZE*GR`a\¿[6Dms,t!\¿[*WE¢[6WR`aX
Xn[ª S8©Ł M'[*OZ[¯feDa`gGR`gfXYM'SKfb[6G's$`gX=`g[6G
Y
Ö
ÐÒÑÔ×
d
Y
Ð ÑŁÓ
d
Y
Ö
ÐÒÑÔ×
Ł¬
r
¬
r
¬1ﬃ
o
Ł¬
r
¬
r
¬1ﬃ@uÌ
É
ME6U-Xn[*,SUnE*XY`mU<RSbsJ[
NSei6SeWbtI¯TÖW=SeijS/WnUﬂ`#R`aDg`gXT
}¿~
úI
XYM'SPWnS/Ł#`gOZE6_jS
Y ^
W
Ö
ÐÒÑÔ×
Ł¬
r
¬
r
¬1ﬃ`gU-XYM'S`aOÕE6_6S
p G'sSeWZ [6\
Y
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬/ﬃ@
MR`mfnMI_6`gi6SbUS E6f/X=DaTÕX=M'SKfe[6G's`aX=`m[*GkUYX¥EwXnSbsk`gGkXYM'SDmSeOQOZEJ j
}M'Sfb[6GRs`gXY`m[6G\FW=[6O SeOQOZE¢QfbE*GdE*DmUY[. SQ
W=`aX=XnS/Gk`gGkX=M'S\¿[6WYO
Y
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬/ﬃ@u

É,kmlnl

M'S/WnSKX=M'SKU=S/X

É,kmll
`gUsRS"RGRSbs E*U

ÉNklnl
Ú
o @

n
É
W
rn
É
å
rn
É
x
ﬃuRÌ
É
$
Y
ÐÒÑÔÓ

n
É
W
r<n
É
å
rn
É
x
ﬃ
o
ª
n
É
W
rn
É
å
rn
É
x
ﬃpBH{ ﬂ{ﬃ
h
Uﬂ`gG'_ÄX=M'SG'[6W=OZE*DB\¿[6WYO 
S¢fbE*G _jS/XE*G E6fbf
p
W¥E*X=S¢sRSeU=feWY`gPRXY`m[6Gd[6\

É,kmlnl
E*U\¿[6DaDm[ﬁ
UbJ
D

`gG'_ÄXn[
X=MRS`gOZE6_6`aGE*WYT¢Se`g_jSeG!i*E*D
p
SbUet¯`aXN`gU-OÄ[6WnSfb[*G¯i6SeGR`gSeG!X1X=[
p
UYS(P,[*DFE*W-fb[¯[6W=s`gGEwXnSbU`gGRUYXnSbE6sÕ[6\
nyå
E*G's
n
x
tM'S/G'fbSX
NS8UYSeX
nyå o q
fb[jUsr
n
x
o q
UY`gGtr@{

G|X=M'SeU=Sfb[¯[6Wns`aGE*X=SbU1X=MRSKGR[6W=OZE*D,\¿[*W=O S"+
p
E*X=`g[6G'UWnSbE6s
m
n
W
o
5>u;
W
r
;
ä	rs
ﬃ
n
W
#/ﬃ
m
n5ä o 
5:,;
W
r
;
ä	rts
ﬃ
n5ä
b01ﬃ
m
q o
¬
m
r
o 7
u;
W
r
;
ärts
ﬃ

M'S/WnSÄXYM'S
q
ŁS	+
p
EwX=`m[*G W=S?\'SefeXnUX=M'SÖ\ÇE6f/XXYME*X';
äovq
ä
`mUERW=UYX`gG!XnSe_6W¥EwD-E*G's X=M'SrBŁS"+
p
E*X=`g[6G
_6`aijSbUXYM'SE*G'_
p
DmE*W1i6SeDm[¯fe`aXT[6\ÎX=M'SPSeWY`m[¯s`mf4UY[6D
p
X=`m[*G'UX=M'E*X\¿[6Dg`mE*XnSX=M'SKfbS/G!X=WnSKOZE*GR`g\¿[*DmsÕ[6\k¬J
}M'SXArM!T!PSeW [6Da`mf6q6S	+
p
E*XY`m[6G'UZ Sﬃ/tyŁ0/ﬃ^fbE*G>,S
p
UYSbsZX=[fbE*Dmf
p
DFEwXnS1X=MRSXY`gOÄSEKXYW¥EﬂSefeX=[6W=TÖUﬂP,S/G'sRU`gG
_j[6`aG'_\FW=[6O Ì
É
X=[*Ì
Ë
J	]^UYPSbf/`FE*DaDgTjt
SfbE*GG'[ﬁ
Þ_6`gi6SE*GÖS)$PWnSbUYUY`g[6G\¿[6W
Y
Ð ÑÔÓ
`aG¢XnS/W=OÄU	[6\
q
E*G'sfrNJ
C(U Se\¿[*WnS6t
S9
WY`gXnS
q
É
r
r
É
\¿[6W1XYM'S(P[6DFEwW1fb[¯[6W=s`gGEwXnSbUN`gGÌ
É
EwG's
q
Ë
r
r
Ë
\¿[6W1XYM'S4fb[¯[6W=s`gGEwXnSbUN`gG
{j{
S symm
x
ρ
ϕ1
γ(µ)

`g_
p
WnSZ0'Ú
ª«!¬NÀﬁ¬n·xw
ÉNklnl
°g¸~³ﬂ%$y.%zy
l{m|
µ~¹¯ºc}%~
W
%~
l{|
"6Ô!°a¸~³^Àﬁ¸ÁK¬ty
l{|
~
l{|
%#Ł¯Ô
µ~¹!ºÕ®Ã·ﬁÀ®±¹*·ﬁ¬n³ﬂÀﬁ¬¥´n·ﬁ®±¸¹ZË-®Ã·ﬁ«ÕµÈÆ¬¥¹!¬n³ﬂ®±´,ÑK+ÒYÊQ1¬¥´n³ﬂ¬¶µ~Àﬂ®±¹!Æ6~
W
°a²!³ﬁ·ﬁ«!¬n³·ﬁ«¯µ~¹Õº!¬n¾¯®±´n·ﬁ¬¥º'Ô·ﬁ«!¬4º!¸²2­$»±¬À¾¯®±³Yµ~»
Ë-®±¹¯º!À°gµ~À·ﬁ¬n³µ~¹!º°gµ~Àﬁ·ﬁ¬n³¶ÔwË-®±·ﬁ«®Ã·ﬁÀ®±¹2Ï¯¹¯®Ã·ﬁ¬Ý»¼¬¶µ¥Å©¬¥ÀÝµ~´¥´¥²¯Á²!»aµb·ﬁ®±¹!Æ1¸¹·ﬁ«!¬^´¥®Ã³Y´¥»±¬~
W
$6ÔCy.%$y
l{|
Ë-«!®±´Y«
®±Àx
Ë
Ñ,Ò+4
É
{©
ÌË
J]+ p E*X=`g[6G'U /ﬃ-E*G'sb01ﬃ-fbE*GB S4U=[6DaijSesÕS ¯PRDa`mfe`aX=DaTUY`aG'fbS;
W
E*G's;
ä
E*W=S(fb[*G'UYXnE*G!XnU[6\OÄ[6XY`m[6GJ
}M'S/G
Y
ÐÒÑÔÓ
f~E*G SX
WY`gXYXnSeGIE6U
n
Ë
ä
o n
É
W
q
Ë
o q
É
r
Ë
o
r
É
3
7
u;
W
r
;
ä	rts
ﬃ
5>u;
W
r
;
ä	rts
ﬃ
DaG
U
n
É
W
CãUﬂ`gOQPRDmSKfbE*Dmf p DFE*XY`m[6G|UﬂM'[ﬁ
U(X=MEwXXYM'SÈWnS/ijS/WnUY`aG'_ÕUﬂT¯OQOÄSeX=WYT DmSbEi6SbU
q
Ses E*G'sdE6feX=U([6G XYM'S
rBŁ fb[¯[6Wns`aGE*X=SE6U
}r
o


r@{
h
Uﬂ`gG'_XYMR`mUet'[6G'S_jS/XnU

É,kmll
o

n
É
W
rq
É
r
r
É
ﬃFuÌ
É
$
n
É
W
O2¬
r 


r
Éx
r
É
3
7
,;
W
r
;
ä	rts
ﬃ
5:,;
W
r
;
ä	rts
ﬃ
DaG­
U n
É
W
ﬃ ¿OZ[¯s

ﬃ¢¡{
ÇHﬃ
}M'SÖfb[*G's`gXY`m[6G
n
É
W
O¬Z`mU(G'SefbSeU=UnEwW=TjtT Sbf~E
p
U=SÖ[6W<R`gX=U
`gXYM
n
É
W
î ¬ZDmS~E~i6SÄEZGRSe`m_*M- [6WYM'[$[¯s [6\!¬
G'[6Xi!`mEÈX=M'SKU=SefeXY`m[6G7Ì
Ë

p
XE*Dg[6G'_¢X=MRS[6X=M'S/WFRW¥EwG'fnMd[*\ÝXYM'S
p
G'UﬂX¥E(RDgS4OÕEwGR`g\¿[6DgsJ

GkPEwW=X=`gf
p
DmE*W~t
X=MRSbU=S8[6W`gXnUsR[ÖG'[6XDg`gS4`gGdEÖX
p

p
DmE*WG'Se`g_6MH,[*W=M'[¯[$sk[6\ÝX=M'SKPRWY`gOZE*W=TÕMR[6OZ[¯feDa`gGR`gf([6W<R`gXbJ1}B[Ä_6SeX
E*G
p
GRsRSeW=UYX¥EwG's`gGR_I[6\N}M'Se[6WnS/O ﬂ{ﬃ/t`aX(`mU
p
U=S/\
p
D^Xn[Õi!`mU
p
E*Da`°¯bS8X=M'SUYSeX

É,kmlnl
$UYSbS

`m_J 0J8}M'S
`gG!X=SeWnUYSbf/X=`m[*GÖ[6\

É,kmll

`gX=ME*G!T¢[6\X=MRS1PRDFE*GRSbU
@ﬁn
É
W
o
f£M­í	){¤B`mU^E4f
p
W=i6S1X=MRW=[
p
_6M
qQo
¬(X¥E*GR_jSeG!X
Xn[XYM'SDg`gGRS
r
É



µ
S³
DgGT
U n
É
W
ﬃ ÇOÄ[$s

ﬃ){
y¯`aG'fbSKX=M'SDgG¯Ł XnS/W=O X=SeG'sRUXn[Q`gGIRG`gXT|E6U
n
É
W
sRSefeWnSbE6U=SeU(Xn[:¯bS/Wn[ZXYMR`mUDg`aG'S4Wn[6XnE*XnSeU`aGIRGR`aXnSeDaTÕ[6\FX=SeG
E*W=[
p
G's
q
É
o
¬ÈE6U
n
É
WF¥
¬X=[8PRW=[$s
p
fbSX=M'SU
p
WY\ÇE6fbS

É,kmll
J

X`gUS~E6UﬂTÄX=[8ijS/W=`a\FTX=ME*X-X=MRS(feDg[jU
p
WnS
[6\

ÉNklnl
fb[6G'Uﬂ`mUﬂXnU([*\

É,kmll$¦
@ﬁn
É
W
o
¬CB!J}Î[«G'sdX=MRS©Ł#M'[6OÄ[$f/Dg`gG`mf4[6W<R`gX=Ubt+fb[6GRUY`msSeW(GR[
 XYM'S
V
W
Łf
p
W=i6S
Õ|
s
ﬃÚ
o
Y
Ü
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬/ﬃ
X=M'E*XsRSbUYfeWY`# SbUM'[ﬁ
ﬃX=MRS
p
G'UYXnE(RDmSOZE*GR`a\¿[6DmsZ`aG!XnSeW=U=SefeXnUÌ
É
J
u S¢PE*W¥EwOZS/X=W=`gU=SÈXYM'Sf
p
W=ijSªÕvE6U.
n¨§
W

s
ﬃ
rq
§

s
ﬃ
r
r
§

s
ﬃﬃ¶JÈ}M'S/GtBUY`aG'fbS¢`aG X=M'S¢G'[*W=OZE*D\¿[6WYO:fe[*Ł
[6W=s`gGEwXnSbUYÈ
É
ŁVaﬃÂØÌ
É
o@

n
É
W
rq
É
rp©
É
ﬃﬁ·
n
É
W
o
¬CB!t
}<~
÷y
`aOÄPDg`mSeUNXYME*X
ª
ª
s
n
§
W

s
ﬃ«
o
¬'{ #/ﬃ
u SK`aG!ijSbUﬂX=`g_2E*XnSXYM'S\
p
G'feXY`m[6G
s
ZÆ ¬9
s
ﬃÚ
o
r
§

s
ﬃ




7

Un
§
W

s
ﬃ
r­q
§

s
ﬃ<ﬃ
ä
rs
ﬃ
5:
Un¨§
W

s
ﬃ
rq
§

s
ﬃﬃ
ä
rts
ﬃ
DaG­
U® n
§
W

s
ﬃﬃ){ Ì1ﬃ
{ﬁ0
C(UF
NSM'Ei6S8UﬂM'[ﬁ
Gt+E¢P,[6`aG!X[6\Ý`aG!XnSeW=U=SefeX=`g[6G,S/X6
SeSeGÕ E*G's

É,kmll
[¯fbf p WnU`=
¬9
s
ﬃ

¬:¿OZ[¯s

ﬃ1E*GRs
n §
W

s
ﬃOP¬'{
:
[*XnS:WnUYXX=M'E*X¢s p SÄXn[; /ﬃ¶tÝXYM'SÄUYSbfe[6G'sfb[*G's`gXY`m[6G `mUUnEwX=`mU¿'Sbs%Se`gXYM'SeW\¿[6WÈE*DgDUﬂOÕEwDgD
s
O%¬|[6W
\¿[6WÖEwDgDNUYOZE*DgD
s
îÏ¬J uå`aX=M'[ p XÈDm[6U=U¢[6\_jS/G'SeWnE*Dg`aXTR
SkE6UYU p OÄSÕX=M'E*X
n §
W

s
ﬃ:OÏ¬d\¿[6WE*DgDNUYOZE*DgD
P[jUY`aX=`gi6S
s
JQ}M'SQS ¯`mUﬂXnSeGRfbSQ[6\`aGIRGR`aXnSeDaTIOZE*G!T `aG¯X=SeW=U=Sbf/X=`g[6G'U`mU4XYM'SeG PRWn[ijSes `a\@
NSÄUﬂM'[ﬁ
 X=M'E*X
¬9
s
ﬃ1X=SeG'sUX=[3aÇ [6W

Ç E6U
s
X=SeG'sUX=[«¬¢\FWn[*O E( [©i6S6JN[ﬁ
NSeijS/W~t+X=MR`gU1`mUfeDgS~E*WbtRUY`aG'fbS6r
§

s
ﬃ
XnS/G'sRU-Xn[8EDg`aOÄ`aX^E6U
s
¥
¬8E*G's: [6XYM;
W
E*G's;
ä
X=SeG'sQXn[¬J^S/G'fbS*t$XYM'SDaG$Ł#XnSeWYO@sR[6OQ`gGEwXnSbU-E*GRst
·¯¬9
s
ﬃ·/Æ Ç 
MR`mfnMdfb[6OQPRDmS/XnSeU1X=M'SPRW=[$[6\ﬁJ j
}M'SKPRWn[¯[6\Î[6\ÎX=M'SQRW=UYXPE*WYX[6\^L[*Wn[6DaDFE*WYTB0¢\¿[6DaDm[ﬁ
U\FWn[*O G'[6XY`mfe`aG'_¢X=M'E*X

^
ÉNklnl
Ú
o@

n
É
W
rn
É
å
rn
É
x
ﬃ!u,Ì
É
$
Y
ÐÒÑÔÓ

n
É
W
r<n
É
å
rn
É
x
ﬃ
o
ª
n
É
W
rn
É
å
r<n
É
x
ﬃpB
oó

ÉNklnl
{
}M'S/WnSe\¿[*WnS6t$\¿[6WXYM'S4UY`g_6G[6\
s
\¿[6W!
MR`gfnM[Õ|
s
ﬃsR[$SeUG'[6XN`gG!XnS/WnUYSbfeX

É,kmll
X=M'S/WnS
`aDgDy,S`gGIRG`gXnS/DgT
OZE*G!T `aG¯X=SeW=U=Sbf/X=`g[6G'U« SeX6
NSbS/G8Õ|
s
ﬃÄE*G's


É,kmlnl
J&}M'SeU=S `gG!XnS/WnUYSbfeXY`m[6GRUÕfb[6WYWnSeUYP[6G'såXn[

Ł
WnS/ijS/WnUY`RDmS8©Ł#M'[6OÄ[$f/Dg`aGR`mf[6W`gXnUeJ
}M'S¢[*X=M'S/W(X6
N[ZPE*WYXnU([*\^X=M'S¢L[6Wn[6DaDFE*WYTf~EwG,S8sRSeWY`gi6Sbs UY`aOÄ`aDFE*WYDgTQ\FWn[6O XYM'SÈPRW=[$[*\^[6\}M'Se[6WnS/O
$t'
M`mfnM|\¿[6DgDg[
UeJ j
° SãßL [ T18 41dfeg ÄßgQh c
lS/\¿[6WnSB
NS[,Se_6`gGC
`gXYMX=M'SPRW=[$[*\[*\4}M'Se[6WnS/O $t
NS|UﬂM'[ﬁ
 X=M'E*XÖE6UYU
p
OQPRX=`g[6G
}<~
÷y
\ÇE*`aDmU\¿[6W
(EwOÄ`aDgXn[*GR`FE*GZUYT¯UYX=SeOÄU	Ú
_
ð$ñ%ñ%çv÷
 

Yû*S©ª

¤¥NS¤7 S t N	#9 ﬁ

 ©¡

£¥*S
6

Ù
o
ª
ª
s
·
Ü±
]
Y
Ü
Ö
Ð ÑÔ×
Ł¬
r
¬
r
¬1ﬃ
#Së¢&Sﬁ
ç
S<S# 
>
£¥
ç
æS¤J
@ﬁn
É
W
o
¬CB
á
g
Þwí,í
hò
y
p
PP,[jUYS¢X=MEwX.Y{ﬃOÕE~T,S
WY`gXYXnSeG `aG (E*OQ`gDaXn[6G`FE*Gk\¿[6WYO
`aX=M Xn[*X¥E*DÝSeG'S/Wn_6T² E*G's
f~EwG'[6GR`gf~E*DÎfb[wŁ[6W=s`gGEwXnSbUKÅ
W
r´³
W
r
Å
ä	r´³yä
t+E*GRs E6U=U
p
OÄSÈE*GRs7
`gXYM'[
p
XDm[6U=U[6\^_jS/G'SeWnE*Dg`aXTÕX=MEwX9¬Ö`mU`gG
X=MRS:¯eSeWn[ISeG'S/Wn_6T U
p
W=\ÇE6feS«¬Ru²
]

s
ﬃÚ
oµ@
²
o
¬CB!J

p
WYX=M'S/W=OÄ[6WnS*tÝU
p
PRP[jU=SQX=ME*XKW=SeijS/WnUﬂ`#R`aDg`gXT
E6f/XnUXn[WnS/ijS/WnU=SX=M'SOÄ[6OÄSeG!X
p
O i*E*W=`mE(RDmSeU
Ú¥bÅ
W
r´³
W
r
Å
ä	r´³¥ä
ﬃxZÆ NÅ
W
rﬂ³
W
r
Å
ä	rﬂ³yä
ﬃ {
{~
}M'S/GtNDg[$fbE*DgDaT GRS~E*W>¬tX=MRSkXYW¥E*GRUY\¿[6WYOÕE*XY`m[6G%Xn[
W=`aXnSRY{ﬁﬃ8`gG (E*OQ`gDaXn[6G`FE*G%fb[*Ł [6Wns`aGE*X=SbUÈO p UYX
X¥EwxjSK[6G'SK[6\ÎX=M'SX6
N[Ä\¿[6WYOZU9 p P|Xn[ÖfnME*GR_jS8[*\Uﬂ`m_6G|[6\E*DgD,X=M'SKf~EwG'[6GR`gf~E*Di*E*WY`FE(DmSbUtﬃ
º»
»
»
»
»
¼
Å
W
³
W
Å
ä
³¥ä
½¿¾
¾
¾
¾
¾
À
o·¶¸
¸
¸
¸
¸¹
¬ ¬ í í
¬ ¬ í

í
{ { ¬ ¬
{

{ ¬ ¬
º¯»
»
»
»
»
¼
3 MJr[J XbJ

`gXYM«í
o
²È{Ücd D 2ﬂÌJ^}M'SeW=Se\¿[6W=S6t1
W=`aX=X=SeGÖ`gGXYM'S[6W=`g_6`gGEwD$i*E*WY`FE(RDgSbUet6G'S~EwW&¬XYM'S(EwOÄ`aDgXn[*GR`FE*G
²:ME6UXn[ª SK[6\ÝXYM'S\¿[6W=O
²
o
S³
n
W
n5ä
3 í
µ


n
ä
å
3
n
ä
x
ﬃe3 MJ [RJÜX~Jæ{ Łﬀ/ﬃ
cI[6W=Sb[ijS/W~tY
M'SeGP p XZ`gG!Xn[%GR[6W=OZE*D\¿[6W=O N
M`mfnMOÕE~TG'[ﬁ
ò,S E*fnMR`mS/ijSbså\¿[6WÕE*G!TåE*G'E*DgT!X=`gf~E*D
(EwOÄ`aDgXn[*GR`FE*GkUﬂT¯UYXnS/O !TdE*G E*GEwDgT!X=`gf8fnMEwG'_jS¢[6\i6EwW=`FERDmSeU¾½ U=SbSÜcd D 2ﬂ°ﬃ/tXYM'SeGdX=M'SÈM`m_6M'S/W
[6W=sRSeWXnS/W=OÄUsRS/P,S/G's [6GDgTk[6G
n
W
n5ä
E*G's
n
ä
å
3
n
ä
x
ÌE*G's
s
ﬃ/J

\^[*G'SDg[$[*x$U\¿[6WM'[6OÄ[¯feDg`aGR`mf([6WR`aXnUet
X=MRSUYSeXt²
]

s
ﬃÂØÌ É `mU[6\Ý`gOQP,[6WYX¥E*GRfbS4Uﬂ`gG'feS
Y
Ü
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬1ﬃ-ME6UXn[Da`mS4`gG²
]

s
ﬃ/J-l p XbtR`gGkG'[6WYOÕEwD
\¿[6WYO fb[wŁ[6W=s`gGEwXnSbUet
²
]
ØÌ
É
Ú
oA@

n
W
rn5ä@oVUrq1r
rﬃ!uRÌ
É
·¶S³
Un
W
3)¿[<
Un
W
ﬃ
ä
ﬃ
o
í
µ

q
ä
3¿B
q
x
ﬃ8B Ìz1ﬃ

MR`gfnM `mUX=M'S¢S"+
p
E*X=`g[6G \¿[6W(EÄPEwW¥E( [6Dm[*`msX¥E*GR_jSeG!X4X=[ZX=M'SPRDFEwG'S
@ﬁn
W
o
¬ÀBQE*XXYM'S¢[6WY`m_6`aGI`aGRÌ
É
t
DgT!`aG'_Dg[$fbE*DgDaTSeG!X=`aWnS/DgTK`gG8X=M'SM'E*Dg\mŁ UYPE6feSFí
n
WFÁ
¬J

GPEwW=X=`gf
p
DmE*W~t
Y
Ü
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬/ﬃME*UXn[(Da`mSX¥E*GR_jSeG!X
Xn[XYM'SPRDFE*GRS
@ﬁn
W
o
¬ÀB¢E*XXYM'SK[6W=`g_6`gGkE*UUﬂX¥E*X=Sbsk`gGkX=MRSaS/OÄOZEJ j
cI[6W=Sb[ijS/W~t	XYM'SZE,[ijSQPRWn[¯[6\UﬂM'[ﬁ
U8XYME*X*Õk
s
ﬃ4Dg`mSeUK[6G%XYM'SZU=E*OZSQUY`gsRSZ[*\
@ﬁn
É
W
o
¬CBZ\¿[6W8E*DgDQ·
s
·
UYOZE*DaD J	}M
p
UF
NSfb[6GRfeD
p
sRS4X=MEwX[6G'S[6\BXYM'S4X6
[PR`gfeX
p
WnSeU

`m_RJ¯¥ÌE1ﬃN[6WX45ﬃE*PPRDg`gSbUE6fefb[6W=s`gGR_¢Xn[
X=MRSUﬂ`m_6G|[6\íjJ
:
[ﬁ
 U
p
PP,[jUYS
S PSeW=X
p
WXYM'S (E*OQ`gDaXn[6GR`mE*G UYX=W
p
feX
p
WnS `aGU
p
fnMﬃE;
1E~T XYME*Xkfe[6G's`aX=`m[*G Ç`a`g`4ﬃ
[6\(}M'Sb[*WnSeO  EwPRPRDg`gSbUeJ%uå`gXYM'[
p
X¢Dg[jU=U[*\(_jS/G'SeWnE*Dg`aXT%U
p
PRP[jU=S
Û
Ûý
Ù
W
o
{jJ}MRSeGE
NSME~ijS|E*G
p
GR\¿[*Dms`aG'_kE6UsRSePR`gfeX=Sbs `gG

`m_RJ$tT
MR`mfnM DmSbE6sRUXn[|[6G'SQ[6\-X=M'S.R`g\
p
Wnf~EwX=`m[*G s`FE6_*W¥E*OÄU4`gG

`g_RJ	{
sRS/P,S/G's`gGR_ [6G%XYM'SQUY`m_*Gv[6\YíjJ
:
[*XnSÖX=ME*XX=MRSZf
p
W=ijS
s
*
Ôô'ﬃfb[*W=WnSeUYP[6G'sRU8Xn[IP'E*W¥E*OÄSeX=SeWKi*E*D
p
SbU
\¿[6W*
MR`mfnMXYM'S
p
G'UYXnE(RDmS
YÂ
Ü
Ê
ýÄÃ
Ö
ÐÒÑÔ×
b¬
r
¬
r
¬/ﬃ`aG¯X=SeW=U=Sbf/XnU
n
É
W
o
¬k\¿[6WcÅUO%¬JI}MR`mU8fb[6WYWnSeUYP[6G'sRUÈX=[ E
M'S/XnSeW=[$f/Dg`aGR`mffb[*GRG'Sbf/X=`g[6Gª,S/X6
SeSeGÖX=MRS[6WY`m_6`aG¢E*GRsEPSeW=`g[$s$`mf[6W`gXÎDgT!`gG'_`gG8X=M'S1feSeG!X=W=SOZE*GR`g\¿[*DmsJ
j
{©
S symmS symm
x
ρ
ϕ1
Σ s(µ)H0
U
Σ s(µ)H0
U
γ(µ)
γ(µ)
(a) (b)

`g_
p
WnSIÚ
-j«!¸/Ë-®±¹!Æ-®±¹w·ﬁ¬n³YÀﬁ¬¥´n·ﬁ®±¸¹!À,­'¬n·ÇË	¬¥¬¥¹}w
ÉNklnl
µ~¹!º.,ÑK+Ò+°g¸~³·ﬁ«!¬Ù1µ~ÁK®±»Ã·ﬁ¸¹!®aµ~¹´¶µ~Àﬁ¬ÝË-®Ã·ﬁ«ÈÑ¿µ©ÒÆ Q"6Ô
µ~¹!ºkÑm­RÒÇ Q%#6Ê¬n¾$®±´n·ﬁ¬¥ºQÀﬁ®¼ÁK®±»¼µb³ﬂ»±Â·ﬁ¸}È®±ÆjÊÀÉ
{
µh (ν)
x 1 x 1 x 1
µh (ν)
ρρ ρ
ν<0 ν>0ν=0
µh (ν) µh (ν)
x 1 x 1 x 1
(a)
(b)
ρρ
{{{
S
symm
ν<0 ν=0 ν>0
γ(µ,ν)
ρ

`g_
p
WnS Ú
1¬n¾¯®¼´n·ﬁ®±¹!Æ|®¼¹w·ﬁ¬n³ﬂÀﬂ¬¥´n·ﬁ®±¸¹!ÀÈ¸°Ê,Ñ,ﬁ

+Ò8µ~¹!ºµb¾!¾!³Y¸~¾!³ﬂ®¼µb·ﬁ¬ÖÀﬂ»±®±´¥¬¥ÀÈ¸°.w
É,kmlnl
Ñm³ﬂ¬n¾¯³ﬂ¬¥Àﬁ¬¥¹*·ﬁ¬¥º ­6Â
®±¹2Ï$¹!®Ã·ﬁ¬¥»ÃÂKÁµ~¹*Âº!®±ÀËEﬁ¸®±¹*·^»±®±¹!¬¥ÀYÒYÔ2®±¹¢·ﬁ«¯¬1·ÇË	¸´¶µ~Àﬁ¬¥ÀÑ¿µ©Òx "#6Ô+Ñm­ÒÇ %#¢
{ﬀ
Ì dÎÍ¶  g.Ïih Ðl"gQj
u SUﬂME*DaD`gDaD p UﬂX=W¥EwXnSXYM'S4PRW=SbfbSes`gGR_QXYM'Sb[6WYTB
`gXYMkX6
[QS E*OQPRDmSeUbtRXYM'S9RWnUﬂXU=[6OÄS"
MEwX(EwW=X=`'fe`mE*DgDaT
_jS/G'SeWnE*XnSesÈXn[U p `aX[ p WÝP p W=P[jU=SeUbt2EwG's8XYM'SNUYSbfe[6G'sÈXnE*xjS/G¢\FWn[6O3EPE*WYX=`mf p DFEwWPRWn[SDmSeO `aG8GR[6GRDg`aG'S~EwW
[6PRXY`mfeUbJ

G, [6XYM fbE6U=SeUbt­
NSQs[ÕG'[6XE*XYXnSeOQPRX4X=[ÕijS/W=`g\FTIX=M'S¢GR[6GŁsSb_jS/G'SeWnE6feT fe[6G's`aX=`g[6G'U
}<~
úIÒÑ
}<~
÷5
WY`m_j[*Wn[ p UﬂDgT6J

GRUYXnSbE6sR
SPRW=[©i!`gsRSUYXYWn[6G'_Á
çy


 )

)BG p OÄSeWY`mfbE*D^Sei!`gsRSeG'feS6tB[SRXnE*`gGRSbs!T
s`aWnSbf/Xfb[6OQP p XnE*X=`g[6G|[6\PEwX=M'U[6\MR[6OZ[¯feDa`gGR`gf([6W<R`gX=UbtRXYME*XX=M'Sfb[*G'feD p UY`g[6G'U[6\^}MRSb[6W=SeOÄU8{8E*G's
 MR[6DmsJCDgDG p OÄSeW=`gf~E*Dfe[6OÄP p X¥E*XY`m[6GRUZE*W=S'E6U=Seså[6G UY[6Dgi!`gGR_, [ p G'sRE*W=T2Ł i*E*D p SkPRWn[SDmSeOÄUÖ\¿[6W
M'[6OÄ[¯feDg`aGR`mfÄU=[6D p X=`g[6G'Uet-UYSbSkS6J _RJü LNMjzSﬂE*GRsÞW=Se\¿SeW=SeG'feSbUQX=M'S/WnSe`aGJ
:
p OZS/W=`mfbE*Dfe[6G!X=`gG p EwX=`m[*GÞ`gU
PSeW=\¿[*W=OÄSbs p UY`aG'_X=M'SKUY[6\FX6
1EwWnSC
h
} D 
VK
${"ﬂÌJ
lS/\¿[6WnS PRW=SbUYSeG!X=`aG'_ÞXYM'S WnSeU p DaXnUbtZ
S G'[6X=S X=MEwX[
S f~E*G p UYS X=M'S \¿[6WYO p DFE #1ﬃÄX=[ÞsSbs p feS XYM'S
W¥EwXnSK[6\ÎPE*W¥EwOZS/XnSeWE*fbf p O p DFEwX=`m[*Gk[6\^Ł P p DgU=SeU[*G|XYM'SPRW=`aOÕEwW=TÕ[*WR`aX1`gOQPRDg`gSbs«!T|}M'Se[6WnS/O {`gG
X=MRSÈf~E*U=S¢[6\	_jSeG'S/W¥E*DÝWnS/ijSeW=UY`RDmS8UYT¯UYX=SeOÄUE*G's }MRSb[6W=SeO:Q\¿[6W((E*OQ`gDaXn[6GR`mE*GWnS/ijS/WnUY`RDmSÈUYT¯UYX=SeOÄUbJ
}M'SeU=SW¥E*X=SbU1OZE~T> S p UYSbs|E6UE6ss`gXY`m[6GEwDG p OÄSeWY`mf~EwD,S/i¯`gsRSeGRfbS\¿[6WXYM'S4PRW=SbU=S/G'fbSK[6W1[6X=M'S/W
`gU=S[6\
(EwOÄ`aDgXn[*GR`FE*GZUYXYW p f/X p W=S6J
}M'Se[6WnS/O KUYM'[ﬁ
U1X=M'E*XNXYM'SeW=S(`mUNE8UYS	+
p
S/G'fbSK[6\
@sÃé
BK[6\,PE*W¥EwOZS/XnSeW-i*E*D
p
SbU1EwX@
MR`gfnMÕM'[6OÄ[¯feDg`aGR`mf
U=[*D
p
XY`m[6G'U_*`gijS/G¯T¬9
s
ﬃ
o
¬ÇOÄ[¯s

ﬃ[$fef
p
WbJNl-TR#1ﬃ¶t'
NSME~i6S
7

Un
§
W

sJé
ﬃ
rq
§

sJé
ﬃ
ä
rtsJé
ﬃ
®5:
Un
§
W

sJé
ﬃ
rq
§

sJé
ﬃ
ä
rtsJé
ﬃ
DgG¹
U® n¨§
W

sJé
ﬃ<ﬃ
o 
r
§

sJé
ﬃe3


38NM
]
3Ä´6ﬃ

¿B
s
ﬃ
\¿[6WUY[6OZSQM
]
u!ÓNÓÝJ

[6W
sÃé
U
pI¸
fe`gSeG!X=DaTkUYOZE*DgDb´U
p'¸
f/`mS/G¯XYDgTÕDmE*Wn_6Sﬁﬃ-XYMR`mU_6`aijSbU
Ô

µ
(³
3¿B
sJé
ﬃÕÎDgG¹
U® n¨§
W

sJé
ﬃ<ﬃ
o 
r
§
Ł¬1ﬃe3


3ßbM
]
3C´6ﬃ

3)¿[
sJé
ﬃ

MR`gfnMIW=S~E*WYW¥E*G'_6SbUXn[
n¨§
W

sJé
ﬃ
o×ÖU
S)$P

bM
]
3Ä´Ôﬃ

³
µ
3)¿[
sJé
ﬃ

Ì1ﬃ

M'S/WnS
Ö o
S)¯PÙØ
Ú
Ûr
§
Ł¬1ﬃ
×Ü
x
ﬃﬂÌJ
:
[ﬁ
KtR\¿[6W_6SeG'S/W¥E*DW=SeijS/WnUﬂ`#RDgSUﬂT¯UYXnS/OZUUnEwX=`mUﬂ\FT!`gG'_M!T!P,[6XYM'SbUﬂ`mU
}<~
÷y

NSM'Ei6S6t¥!TR Sﬃ/t
n¨§
W

sJé
ﬃ
oÞÝHsJé
3¿B
s
ä
é
ﬃ
r
Y{¬1ﬃ
\¿[6WU=[6OÄS
Ý
«
o
¬J-y
p
RUYX=`aX
p
XY`gG'_«Y{ﬁ¬/ﬃ`gG!X=[B#/ﬃ\¿[6W!´
o
M E*G's«´
o
M'3Þ{jtE*G'sÕs`ai!`ms`aG'_Rt1
S([SRX¥Ew`gG
sàßá
W
sàß
Æ S ¯Pâ

S³

µ ã
E6U­MÆ Çß{ Y{6{ﬃ

GkX=M'SKfbE6U=SK[6\ÝEÖ(E*OQ`gDaXn[6G`FE*GQWnS/ijSeW=UY`RDmSKUYT¯UﬂXnSeOIt'[SRXnE*`gGRSbsB!TB'¯`gGR_«ô
o
¬¢`gGXYM'S4M!T!P,[6XYM'SbUﬂ`mU
[6\}M'Sb[*WnSeO ¯tR_jSeGRSeW=`gf~E*DaDgT>
SKME~ijS
n
§
W

sJé
ﬃ
o×äs
ä
é
3¿B
s
å
é
ﬃ
r
{z
-0.2
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
0 5 10 15 20
-2
-1.5
-1
-0.5
0
0.5
1
1.5
2
0 5 10 15 20 25 30 35 40
(a) (b)U
xx
U

`g_ p WnS|'Ú
Ù¸ÁK¸6´¥»±®±¹!®¼´¸~³ﬁ­¯®Ã·ﬁÀK¸°1·ﬁ«¯¬ÖÙµ~Á®±»Ã·ﬁ¸¹!®¼µ~¹ ÀÂ6Àﬁ·ﬁ¬¥Á Ë-®Ã·ﬁ«!åﬀ&

Ñ¿µ©Ò¾!³ﬂ®±Á8µb³ﬁÂd«¯¸ÁK¸*´¥»¼®±¹!®±´
Àﬁ¸»±²!·ﬁ®±¸¹Öµb·Fæ
ä
èç¢éëêìí®çîé8é8émÔÑm­Ò^µ4·ÌË¸b½¿¾¯²¯»±Àﬁ¬«!¸ÁK¸6´¥»±®±¹¯®±´NÀﬂ¸»±²2·ﬁ®±¸¹Öµb·Fæ
ä
èç¢éëê/¢¢é8é8émÊ
\¿[6WUY[6OZS4GR[6G¥¯bS/Wn[
ä
J}M`mU`gOQPRDg`gSbUY{j{ﬃUﬂM'[ p Dgs SWnS/PRDFE6feSbs[!T
sàß¢á
W
sàß
Æ S)¯P
â

³

µ ã
E6U­MÆ Ç Y{/ﬃ
\¿[6WE*OÄ`aDgX=[6GR`FEwGZWnS/ijS/WnUY`RDmSKUﬂT$UﬂXnS/OZUeJ
ï¾ðmñ ò ópôõöC÷+øùôö¨úûnö)ûýü.õþ÷¨ßô 
}M'SS	+
p
E*XY`m[6G
{
{©
Ù   3CÙ 3
ä
Ù3CÙ
å
3
0

Ù5bÙHÙ 38ﬂ{3'ﬃ¿Ù
ä
ﬃ
o
¬ Y{01ﬃ

`gXYM
o
¬|E*W=`gU=SeUK`aG X=M'SÖfb[*G¯XY`gG
p
[
p
UDa`gOQ`gX[6\Eks`mUYfeW=SeXnSDmE*X=XY`mfbSS"+
p
E*X=`g[6G x¯GR[
G Xn[P[jU=UYSbU=U
A
p
PŁs[
GqDg[$fbE*Dg`gU=Ses«RWnSbE*X=MRSeWU=[6D
p
X=`g[6G'UeJ-y$SbS

`gi¯UYM'E*W

SÃJk

LL1l1ﬀ(ﬂ\¿[6WOÄ[6WnSsSeX¥Ew`gDmUeJ
uåM'S/G	
o
¬8X=MRSeWnSKEwWnS4E¢fnMR[6`mfeS4[6\i*E*W=`mE(RDgSbUNXYME*X1P
p
X Y{01ﬃ`aG¯X=[(EwOÄ`aDgXn[*GR`FE*GÖ\¿[6WYOf
`gX=MX=[6X¥EwD
SeGRSeWn_*T
²
o

ä


ä
3
{



ä

{
*



 
ﬃ
ä

{


x
3
0


ä



ä
{
}M'SÈE6sRs`aX=`m[*Gk[6\	X=MRS8S)$XYW¥EÖPE*W¥EwOZS/XnSeWBRW=S~E*x¯UX=M'S8(E*OQ`gDaXn[6G`FE*GUﬂX=W
p
feX
p
WnS8[6\XYMR`mUS	+
p
E*XY`m[6GJ
u SUYM'[
p
DmsWnS/OÕE*WYx+tjM'[ﬁ
S/ijSeWbt$XYME*X
NSEwWnS1G'[6X^Eﬁ
E*W=SXYME*X¢fe[6W=W=SbUﬂP,[6GRsRU^Xn[E*G!T!X=MR`aG'_4PRM!T¯UY`mfbE*D
`gGkXYMR`mU1OÄ[$sSeD J

[6WÈE*DgD^i*E*D
p
SbU[6\ E*G's
ä
t]+
p
E*X=`g[6G2ﬂ{ﬁ01ﬃ/tT
M'S/Gi¯`gS"
NSbsE*U¢EIs$T¯G'E*OÄ`gf~E*D-UﬂT$UﬂXnS/O `aG PRM'E6U=S
UYP'E6fbSKi*E*W=`mE(RDmSeUQ


r



r


 
r


  
ﬃ¶tRME6U[¯sRskUYT!OÄOÄSeXYW=TkEwG's|`gU1WnS/ijSeW=UY`RDmS
p
G'sSeW
Úy


r



r


 
r


   ﬃ@Æ 


r



r


 
r	


  ëﬃ
{
00.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
0 5 10 15 20 25 30 35
-0.5
0
0.5
1
1.5
2
2.5
0 5 10 15 20 25 30
(a) (b)U
xx
U

`g_ p WnSﬀÚ
J½ÇÀÂjÁKÁK¬n·³ﬂ®¼´«!¸ÁK¸6´¥»±®±¹!®±´¢¸~³ﬁ­$®Ã·ﬁÀK¸°·ﬁ«!¬Ö¹!¸¹2½ÇÙµ~ÁK®¼»Ã·ﬁ¸¹!®¼µ~¹ ÀÂjÀ·ﬁ¬¥Á ËN®Ã·ﬁ«å 

Ñ¿µ©Òµb·
å'$®é /*Ô æ
ä
èç¢é /ç?çêé8é8éFÔÑm­Ò^µb·xå)P®é /*Ô¨æ
ä
zé çêì¢ìHé8é8éaÊ
E*G's

¢J

[6WKX=M'SÄ(EwOÄ`aDgXn[*GR`FE*G UYT¯UYX=SeOIt

`gi¯UYM'E*W[

SÃJ¹RG's%EkPW=`gOZE*WYTR

íﬁﬀ	
U
´ﬃﬂÕ{eŁ#M'[6OÄ[$f/Dg`aGR`mf
U=[*D
p
XY`m[6GI\¿[6W
ä
o
{S{ 6j{zF{{{Ãt5
MR`mfnM `mUOZ[*G'[6Xn[*GR`mfK`gG'f/WnSbE6UY`aG'_
p
P X=[Õ`gXnUP,[*`gG!X4[6\UﬂT!OÄOÄSeXYW=T5$
U=SeS

`m_RJ$IÌE1ﬃ/JKÌ}M'SeW=S8EwWnS4\
p
WYX=M'S/WK{eŁ M'[*OZ[¯feDa`gGR`gfbU^\¿[6WDFEwWn_jS/W 
ä
t'
p
XXYM'SbUYSX
`aDgD+G'[6Xfe[6G'fbS/W=G
p
U
M'S/WnSﬁﬃ¶JCUY`aOÄPDmS^f~EwDmf
p
DFE*XY`m[6GKUﬂM'[ﬁ
UÎXYME*Xkí
o
{^\¿[6WBX=M`mUBUYT¯UYX=SeO 
`gXYM8XYMR`mUW=SeijS/WnUﬂ`#R`aDg`gXT6tX=M'S/WnSe\¿[*WnS
[6GRDaT

ŁUﬂT¯OQOÄSeX=WY`mf4X6
N[ÄP
p
DmU=SM'[*OZ[¯feDa`gGR`gf[6W<R`gX=UUYM'[
p
Dms|S ¯`mUﬂX\¿[6WG'S~EwW!T	
ä
Ł i*E*D
p
SbUbJ
D
G'SK[6\
X=MRSbU=SK`mU1PDm[6XYXnSbs`aGR_RJ'I45ﬃ/J

[6WEwDgD!Pu 

{
r
{ﬃ/tEdfe[6G!X=`aG
p
[
p
URWnE*G'fnMÞ[6\PRWY`gOZE*W=T [6W<R`gX=UÈf~EwGU,SZXYW¥E6feSbs`gG%X=M'S"
ä
r
Iﬃ Ł
PRDmE*G'S6tÎ_6WnE*PRM'UK[6\@
MR`mfnM%[6WR`aXnUKsR[|G'[6XfnME*G'_6S:+
p
E*Da`gXnE*X=`aijSeDaTjJ

[6WKG'[6GŁÔ¯bS/Wn[#tT
SÄsR[k`gG'sRSeSbs
RG's,Ł UYT!OÄOÄSeXYW=`gf8X6
N[*Ł P
p
DmU=S¢MR[6OZ[¯feDa`gGR`gfK[6WR`aXnUE*fbf
p
O
p
DFEwX=`gGR_Z[6G XYM'S¢PRW=`aOÕEwW=Tjt,E6UsRSeU=feWY`# Sbs
!TQ}M'Sb[*WnSeOÄUE*GRs«0>ÌUYSbSK'_RJ-ﬀ/ﬃ\¿[6W^X6
N[ÈU
p
fnMÕUY[6D
p
XY`m[6GRUbJ

`m_
p
W=SbU-zE*G'sÄUﬂM'[ﬁ
 X=M'SW=SbU
p
DgXnU-[6\
X=WnE6fe`aG'_Z[
p
X(f
p
W=i6SbU[6\X=M'Si6EwW=`m[
p
U[6WR`aXnU`gGIX=M'SPE*W¥EwOZS/XnSeWPRDmE*G'S6J}M'SeU=SÈW=Sbfe[©i6SeWQ [6X=Mdf~E6UYSbU
`gDaD
p
UﬂX=WnE*XnSesÖ`aG:R_RJ{jt$fbE6U=Sa#E/ﬃ^\¿[6WXYM'S

Ł W=SeijS/WnUﬂ`#RDgSX6
N[*Ł P
p
DmUYSbU1EwG's45ﬃ^\¿[*W!Ł#WnS/ijSeW=UY`RDmS[6G'SbUeJ
}MR`gU`gU1`gGIE6fefb[6W=s'E*G'feSX
`aX=MI}M'Se[6WnS/O QE*GRsdL[*Wn[6DaDFE*WYTB0
`gXYMí
o
{jJ
cI[6W=Sb[ijS/W~t2`gG¢}ÝERDmSeU1{E*G'sQ¯t6X=M'SNG
p
OZS/W=`mfbE*D¯W¥E*X=SbU	[6\+E*fbf
p
O
p
DFEwX=`m[*G¢[6\UYS	+
p
SeGRfbSbU[6\'X6
N[*Ł#P
p
DmUYSbU
[6GPRWY`gOZE*W=TQ[6W<R`gX=U1E*W=S4UYMR[
GkX=[ÖE6_6WnSeS
`gXYMX=M'S(U=f~EwDg`gGR_jU9ﬂ{©/ﬃ-`aGÕX=M'S4(E*OQ`gDaXn[6GR`mE*GÄf~E6UYS$
o
¬
E*G'sÄﬂ{j{ﬃ`aG XYM'S¢G'[6G$Łﬁ(EwOÄ`aDgXn[*GR`FE*GIf~E*U=S6J¢}M'SW¥E*X=SbUKf~E*Dgf
p
DmE*XnSes \FWn[6O X=MRSÖ\¿[*W=O
p
DmE6S
p
UY`gGR_kXYM'S
Se`g_jSeG!i*E*D
p
SbUB²9³NtY²Yµãf~E*Dgf
p
DmE*XnSes EwX
so
¬ E*W=S|_*`gijS/G `aGX=M'Skf~EwPRX=`g[6G'UXn[ X=M'SXnE(RDmSeUbJ
:
[*XnS
X=M'E*XÖX=M'SeU=S|Se`m_6SeG!i*E*D
p
SeUi6EwW=TG
`aX=M
s
4
MR`mfnM S ¯PRDmE*`gG'UXYM'SG
p
OZS/W=`mfbE*DgDaTv[SRU=SeWYijSes sW=`a\FX\FWn[6O
X=MRSIX=MRSb[6W=SeX=`gf~E*DWnE*XnS|[6\E*fbf
p
O
p
DFEwX=`m[*G \¿[6W
s
«
o
¬1ﬃ¶JåC fnMRSbfnx;XYME*XQX=M'S|fb[*OÄP
p
XnSbs;U=S	+
p
S/G'fbS
WnS/PRWnSeU=S/G¯X=U1U
p
fbfbSeU=Uﬂ`gijSŁ P
p
DgU=SeUE6fefb[6W=s`gGR_8Xn[KX=MRSX=MRSb[6WYT`mUNE*DmUY[PRW=SbUYSeG!XnSesÕ`gGÄUYM'[ﬁ
`gGR_8X=M'E*XNXYM'S
_2E*P SeX6
NSbS/G X=M'SX6
N[QDmE*Wn_6S4P,SbE*x¯UaÇ[6WX=W=[
p
_6MRUﬃ1s`#=SeW=UF¯TE*PRPRW=[ﬁ¯`aOÕE*X=SeDaT

 
µJ
S¬
1 . 0 0 1 . 2 5 1 . 5 0 1 . 7 5 2 . 0 0 2 . 2 5 2 . 5 0
- 1 . 0 0
- 0 . 7 5
- 0 . 5 0
- 0 . 2 5
0 . 0 0
0 . 2 5
0 . 5 0
0 . 7 5
1 . 0 0
λ2
η

`g_
p
WnSÈz'Ú
IÝ®¼°a²2³Y´¶µb·ﬁ®±¸¹Õº!®¼µ~Æ~³Yµ~Á ®±¹Z·ﬁ«!¬¢Ñ,æ
ä

å2ÒÇ½¿¾¯»aµ~¹!¬4¸°xPﬂJ½ÇÀÂjÁKÁK¬n·³Y®±´«¯¸ÁK¸*´¥»¼®±¹!®±´¸~³ﬁ­¯®Ã·ﬁÀ4ÑFº¯µ~Àﬁ«¯¬¥º
»±®±¹¯¬¥ÀYÒµ~¹!º·ﬁ«!¬1¾!³Y®±Áµb³ﬁÂZÑFÀﬁ¸»±®±º»±®¼¹!¬/ÒYÊ
${
%ßQ
%
ß
^
W
%

ä
ß
sàß sàß® (sàß
^
W
{j{jJ÷ﬀS¬ {jJrzjz2SﬀS0 Ł6¬J÷¬6/¬6!
{jJr1ﬀ {ﬁ0J 01ﬀ {jJr2/ﬀ6S¬ Ł6¬J÷¬${zjjz ¬J 0{ﬁ0j
{jJrj {©$J ¬j {jJr61¬S¬2 Ł6¬J÷¬S¬j{© ¬J 02*j
{jJrj {J÷ﬀj {jJr6j{ Ł6¬J÷¬S¬2S¬2 ¬J 026z{
{jJ÷ﬀS¬ {zJ ! {jJr6!6${ Ł6¬J÷¬S¬/¬j1ﬀ ¬J 0262
PW=`gOZE*WYT {jJr62${z
{jJ÷ﬀ${ {zJ ! {jJr626z6 ¬J ¬/¬/¬j6 ¬J 0/0{ﬁ¬
{jJ÷ﬀ${ {J÷ﬀ* {jJr62z${z ¬J ¬/¬2S¬S¬ ¬J 0/02*
{jJ÷ﬀ${ {©$J ¬/0 {jJr2j6S¬ ¬J ¬/¬j/¬S0 ¬J 0/02*
{jJ÷ﬀj {ﬁ0J 02 {jJrj6{© ¬J ¬{ﬀ66z ¬J 0610/¬
{jJ÷ﬀ6z {j{jJr/¬ {jJrjjzj6 ¬J ¬2j*{ ¬J 02jS¬
J zj $J ¬j/06z2 ¬J¼{~Hﬀ6*
}ÎE(RDmS({/Ú
-j«!¸/Ë-®±¹!Æ~!½Ç®±¹*·ﬁ¬n³ﬁÅµ~»'& ­'¬n·ÇË	¬¥¬¥¹Àﬁ²¯´¥´¥¬¥ÀﬁÀﬁ®ÃÅ©¬^»¼µb³YÆ¬^ÁµeÓj®¼Áµ¸°( )*(µ~Æ©µ~®±¹!À·ý4 æ
ä
Pcç¢éëêìí®ç+í,
°g¸~³·ÇË	¸b½¿¾¯²!»±Àﬁ¬¢«!¸Á¸*´¥»±®¼¹!®±´¸~³ﬂ­¯®Ã·ﬁÀµ~´¥´¥²!Á(²!»¼µb·ﬁ®±¹!ÆÕ¸¹ ·ﬁ«!¬¢¾¯³ﬂ®±Áµb³ﬁÂk¸~³ﬂ­¯®Ã·4¸°·ﬁ«!¬Ù1µ~ÁK®±»Ã·ﬁ¸¹¯®¼µ~¹IÀﬁÂ6À·ﬁ¬¥Á
ÑÛçÉ©ÒË-®Ã·ﬁ«å o6Êª«!¬K·ﬁ«!¬¥¸~³ﬂ¬n·ﬁ®±´¶µ~»»±®±ÁK®±·ﬁÀµ~À..-·Q¸°	·ﬁ«!¬Ï!³YÀ·µ~¹!ºI»¼µ~À·´¥¸»±²¯ÁK¹³ﬂ¬¥À¾'¬¥´n·ﬁ®ÃÅ©¬¥»±Âµb³Y¬
0/21+3ÑN©Òn)ç¢éëí¢ê,É8µ~¹!ºÔ2­*Â54ÎÉ6²¯µb·ﬁ®±¸¹kÑÛç?Ò¬=Ó6¾ÑP76ÎÑN©Ò"/21+3ÑN©ÒÒH$®éëÉ¢É¢¢É6Ê
j
%ßQ
%
ß
^
W
%

ä
ß
sàß sàß (sàß
^
W
}
çÃ

ŁUﬂT!OÄOÄSeXYW=`mf
{©¯J 2 {jJ ¬2S¬j/¬6z Ł6¬J (¬j1ﬀj${
{jJa{~z {ﬁ0$J z/¬ {jJ j6j{~z Ł6¬J÷¬S¬61¬6! ¬J ¬/¬1ﬀ6S0
{jJ ﬀ6 {©¯J j {jJ 6/¬{ﬁ06 Ł6¬J÷¬S¬/¬2jS0 ¬J¼{©6jj
{jJ ﬀ¯{ {ﬀ¯J S0 {jJ 6/¬26${ Ł6¬J÷¬S¬/¬/¬jj ¬J¼{ﬁ0{j{~z
PRWY`gOZE*W=T {jJ 6/¬jjS¬
}98

ŁUﬂT!OÄOÄSeXYW=`mf
{jJ ﬀ¯{ {$J÷01ﬀ {jJ 6/¬jz6j ¬J ¬/¬/¬{~zj ¬J¼{ﬁ02S¬j
{jJ ﬀ(0 {~J j {jJ 62S¬j* ¬J ¬/¬{~/06 ¬J¼{ﬁ026zj
{jJ ﬀ* {©¯J /0 {jJ /ﬀ${©${~ ¬J ¬{ﬁ¬266 ¬J¼{©*!6
{jJ * {j{6Ja{ﬀ {jJr26zjjz${ ¬J ¬jjz/0j${ ¬J¼{/¬{b
$J j {jJr{j1ﬀ(¬ ¬J 026/0${ﬁ¬
}ÎE(RDmS.Ú
-j«!¸/Ë-®±¹!ÆÞ·ﬁ«!¬ﬀ~!½Ç®±¹*·ﬁ¬n³ﬁÅµ~»:& ­R¬n·ÌË¬¥¬¥¹ Àﬂ²!´¥´¥¬¥ÀﬁÀﬁ®ÃÅ©¬»aµb³ﬂÆ¬vÁµeÓj®¼ÁµÞ¸°;( )( µ~Æ©µ~®±¹¯À· 
æ
ä
Pﬀç¢é /í¢¢í/ê¢ê¢Ék°a¸~³·ÇË	¸b½¿¾¯²!»±Àﬁ¬8«!¸ÁK¸6´¥»±®±¹!®¼´¸~³ﬁ­¯®Ã·ﬁÀKÑm­'¸~·ﬁ« PﬂJ3µ~¹!ºJ½ÇÀÂjÁKÁK¬n·³ﬂ®±´/Òµ~´¥´¥²!Á²¯»¼µb·ﬁ®±¹!ÆÖ¸¹
·ﬁ«!¬¾!³ﬂ®±Áµb³ﬂÂZ¸~³ﬁ­$®Ã·¸°	·ﬁ«!¬8¹!¸¹j½ÇÙ1µ~ÁK®±»Ã·ﬁ¸¹!®aµ~¹|ÀÂjÀ·ﬁ¬¥Á>ÑÛçÉ©ÒË-®±·ﬁ«(å A®é /*ÊZª«!¬·ﬁ«!¬¥¸~³Y¬n·ﬁ®±´¶µ~»Ý»¼®±ÁK®Ã·ﬁÀµ~À
.- Q¸°	·ﬁ«!¬KÏ¯³ﬂÀ·µ~¹!ºI»¼µ~À·´¥¸»¼²!ÁK¹!À³Y¬¥À¾'¬¥´n·ﬁ®ÃÅ©¬¥»ÃÂkµb³ﬂ¬60/21+3ÑN©Òt ç¢é<çí¢íÕµ~¹!º'Ô,­6Âﬁ4ÎÉ6²¯µb·ﬁ®±¸¹ ÑÛç¢çeÒYÔ
¬=Ój¾+ÑP6ÝÑN©Ò"/21+3ÑN©ÒÒz®é çÉ®çpì6Ê
S0
1 . 0 0 1 . 2 5 1 . 5 0 1 . 7 5 2 . 0 0 2 . 2 5 2 . 5 0
- 1 . 0 0
- 0 . 7 5
- 0 . 5 0
- 0 . 2 5
0 . 0 0
0 . 2 5
0 . 5 0
0 . 7 5
1 . 0 0
λ2
η

`g_
p
WnSkÚ
I®±°g²2³ﬂ´¶µb·ﬁ®¼¸¹dº¯®¼µ~Æ~³Yµ~Á ®±¹d·ﬁ«!¬Ñ,æ
ä

å!ÒÇ½¿¾¯»¼µ~¹!¬¸°FJ½ÇÀÂjÁKÁK¬n·³ﬂ®±´¢«!¸Á¸*´¥»±®¼¹!®±´¸~³ﬂ­¯®Ã·ﬁÀÑFº¯µ~Àﬁ«¯¬¥º
»±®±¹¯¬¥ÀYÒµ~¹!º·ﬁ«!¬1¾!³Y®±Áµb³ﬁÂZÑFÀﬁ¸»±®±º»±®¼¹!¬/ÒYÊ
*
ï¾ð>= ? þA@@¨ß>BFûDCﬀøßmö+ö+ßE GF? ôQúûIHKJ)ßÛ÷+øLHmß9 ûnþﬂöþ úM ô! $Hß9 ûýþﬂöú}ß9@ON6ûnöP@¨ßô 
C_jS/G'SeWnE*Dg`gUnE*XY`m[6G([6\$XYM'S^feDmE6U=Uﬂ`mfbE*D!cdE*U=UY`aijS-}MR`aW=W=`aG'_cI[¯sRSeDS
1E6UBUﬂX p s`gSbsQ!TC(feSei6SbUÝE*G'suvERGR`gX¯
 CÎu zjﬂJÇU=SeS1E*DgU=[ªÜL

zjﬂﬃBE6UÝEOÄ[$sSeD!\¿[6WÝE*G¢[*PRX=`gf~E*D1IWnSL
`gX=M8_6WnE*X=`aG'_RJLNME*OQPRG'SeT¯Uet!cdE*Dg[6OZSes
E*G's

WY`mSbs$OÕE*GßÜLc

jz(ﬂUYX p s`mSesvX=M'SÕS =,SefeXÖ[6\s$`mUYPSeW=UY`g[6G[6GXYMR`mUOZ[¯sRSeD-DmSbE6s`aG'_IX=[ PE*W=XY`FE*D
s`=,S/WnSeG!XY`FE*DS"+ p E*X=`g[6G'U[6\ÎX=M'S\¿[6WYO
´

RQ
3Ä´


|
3 ±


|8|
3TSVU@·


·
ä
3 ôÂ· Ù­·
äEW


3ÄÙ
o
¬
r
Y{bHﬃ
´ŁÙ
Q

´bÙ
|
3 ±«Ù
|8|
3
S
ôT·


·
ä
3U@· Ù­·
ä9W
Ùt3


o
¬
r
Y{/ﬃ

M'S/WnS



nTr
<ﬃ-E*GRsBÙ5
nTr
<ﬃ-E*WnSfb[6OQPRDgS ÄE*OQPRDg`aX p sSbU-[6\X6
N[¢fb[ p G¯X=SeWﬂŁ PRW=[6PE6_2EwX=`gGR_a
Ei6SbUeJ}M'SeU=S
S	+ p EwX=`m[*G'U!4
`gXYMXU
o
¬1ﬃBE*DgU=[sRSbUYfeW=`,S-UYXnE*X=`g[6GE*WYT4X p GRG'SeD¼Łfe[ p PRDgSbsKPRDFE*G'E*WBG'[6GRDa`gG'SbE*W­
1E~i6Sb_ p `gsRSbU

`gXYMåOÄ`gUnE*Da`m_6GRSbsÞ[6PRX=`gf~E*D4E¯`mUetKÄE*GRs
n
 Se`aG'_%X=MRS PRWn[6P'E6_2E*XY`m[6Gås$`mUYXnE*G'feS E*G'sE%XYW¥E*G'UﬂijS/WnU=S
fb[¯[6W=s`gGEwXnS6JSeW=Sa± `gUE*GdS =,SefeXY`gijSKs`=WnE6feXY`m[6G,¿W¥E*XYM'SeWXYME*G|s`mUﬂP,S/WnUﬂ`m[6G5ﬃfe[$S ¸ fe`mS/G!X~J
C(U`gGßÜLc

jz(ﬂÌtÝDm[¯[6x!`gGR_k\¿[*W+ p `gSbU=feSeG!XUY[6Dg`aX¥E*WYT
1E~i6SbUbt
NSÕU p 'UYXY`gX p XnSÄXYM'SÕEwG'UnE*X¯6t



nTr
<ﬃ
o
ﬀ
^
éZY
Qﬃ[

n
ﬃ¶tkÙ
o
ﬀ
^
é\Y
Q^]

n
ﬃ¶tÝOZE*xjSÖX=M'SÖ\ p WYX=M'S/WBÇUYT!OÄOÄSeXYW=T W=Sbs p f/`gG'_1ﬃUﬂ`gOQPRDg`'f~EwX=`m[*G
[
o
]
Î
N
MRSeWnSE6UﬂXnSeWY`mUﬂxÖsRSeG'[*XnSbU-fb[*OÄPRDgS ¢fb[6GS
p
_2E*X=`g[6G5ﬃ	E*GRsQXYM'S(EwPRPRDgT8X=M'SU=fbE*Dg`aG'_
[
Æ
W
_
ý
áP`
[
J^}M`mU
WnSeU
p
DaXnU`gGdEQUﬂ`gG'_*DmSKU=Sefb[6G's¯Ł[6W=sRSeWfb[6OQPRDgS 
D
V
] 
MR`gfnMdOZET«,SX
W=`aX=XnS/Gd`aG E*OÄ`aDgX=[6GR`FEwGÕ\¿[6W=O

`gXYMkXn[6XnE*DSeGRSeWn_*T
²
o
±,·
[
Ô·
ä
3a·
[
·
ä
3 ·
[
·
x
3
{


[
ä
38
[
Î
ﬃ
ä
ﬃ { Y{~1ﬃ
}M'SQ`gG!XnS/WnSbUﬂXÈ`aGvU=[*Dg`gXnE*W=T
1E~i6SbUÌUY[ f~EwDgDmSesÄAr[6PRXY`mfbE*DU=[6Da`gX=[6G'Ubq÷ﬃ(`gOQPRDg`gSbUUYSbSex!`aG'_ U=[*D
p
XY`m[6G'UKX=M'E*X
E*W=SKMR[6OZ[¯feDa`gGR`gfX=[X=M'SK[6WY`m_6`aGJ
}B[ÈOZ[¯sRS/D+XYM'S(S =,SefeX=U1[6\G'[*GRDg`aG'S~E*W-s`gUYPSeW=UY`m[*GÌ[*W1s`=WnE6feXY`m[6G5ﬃk
NSO
p
UYX`aG'feD
p
sRSE*GS)$XYW¥E8X=SeWYO

`gXYM|fb[¯S
¸
fe`gSeG!Xb-tRi!`#¯
±
[
 
3Ä´
[

3a
[
3
[
·
[
·
ä
3
[
Î
o
´"b&
[
·
[
·
ä
ﬃ

{ Y{ﬁﬀ/ﬃ
C(f/X
p
EwDgDgT X=M`mUÖE6sRs$`gX=`g[6GE*D-XnS/W=O `gG`mUY[6DFEwX=`m[*G%`mU¢Da`gx6SeDgT Xn[ SÕOÄ[6WnSÕPRM!T¯UY`gf~E*DaDgT OZSbE*GR`aG'_6\
p
DN\¿[6W
X=MRSÕf~E6UYSÕ[6\XYM'SZUﬂPE*X=`mE*D&
1E~ijSe_
p
`gsRSZOÄ[$sRS/DNXYME*Gv\¿[*WÈX=MRSZXnS/OÄP[6W¥EwD&'RWnSZOÄ[¯sRSeD#tÂ SbfbE
p
U=SÕXYM'S
DFEwX=XnS/Wa
N[
p
DgsE*DmUY[dME~ijSÄXn[ X¥EwxjSZ`aG¯X=[ E6fefb[
p
G!X¢XYM'SÕUY[*ŁfbE*DgDgSbsvHE*OZE*G%X=SeWYO ÇU=SbS*t^\¿[6W¢S)REwOÄPRDgS
 

2ﬂ°ﬃ/J]+
p
E*XY`m[6GUY{ﬀ/ﬃOÕE~T,Si!`mS"
NSbs E6U4EÄ\¿[
p
WﬂŁs`aOZS/G'UY`g[6GE*DBsT!GEwOÄ`gf~E*DÝUYT¯UYX=SeO:`aGdPRM'E6U=S
UYP'E6fbSdi*E*WY`FE(DmSbUQHS
[

n
ﬃ¶tHS
[


n
ﬃ/t

O
[

n
ﬃÄEwG's

O
[


n
ﬃ/Jdc(`gS"
NSbsE6UÄU
p
fnMå`aXÖME6UÕ[¯sRs
UYT!OQOZS/X=WYTkE*G's`mUW=SeijS/WnUﬂ`#RDgS
p
G'sRSeW
Úy
[
r
[

ﬃ@Æ 
[
Î
r
[

Î
ﬃ
E*G's

¢J

G  Lc

jzﬂ(f
p
W=i6SbU[6\[*G'S/Ł#P
p
DmUYS E*GRs X6
N[*Ł P
p
DmU=SIM'[6OÄ[$f/Dg`gG`mfÕ[6W<R`gX=U>
NSeW=S fb[*OÄP
p
XnSbs `gG;XYM'S
Ł±
r
aKﬃŁ#PRDFE*GRS¢\¿[6WKX=M'SÄ(E*OQ`gDaXn[6G`FE*G UﬂT¯UYXnS/O ﬂ{ﬀ/ﬃ
`gXYMb
o
¬tB`gG X=M'SÖPE*WnE*OÄSeXnS/WKWnSb_*`m[6G;± O
j
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
1.2
1.4
0 5 10 15 20 25 30 35 40
Real
Imag
x
U
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
1.2
1.4
0 10 20 30 40 50 60 70
Real
Imag
-1
-0.5
0
0.5
1
0 10 20 30 40 50 60 70 80
Real
Imag
-1
-0.5
0
0.5
1
0 10 20 30 40 50 60
Real
Imag
(a) (b)U
x
(c) (d)
x
U
x
U

`g_
p
WnSÖ{ﬁ¬Ú
Ù¸ÁK¸*´¥»¼®±¹!®±´¸~³ﬁ­$®Ã·ﬁÀ-¸°·ﬁ«!¬ÀÂjÀ·ﬁ¬¥Á ÑÛç+ÒNµb·e 2µ~¹!ºgf(2®é çÊÑ¿µ©Ò^¾!³Y®±Áµb³ﬁÂÈ¸~³ﬁ­¯®Ã·ÑPxJ½
ÀÂjÁKÁK¬n·³ﬂ®¼´/Ò°g¸~³hÎoç¢éëÉ/¢/ç+É6ÔÝÑm­Ò.PﬂJﬃÀÂjÁKÁK¬n·³ﬂ®±´·ÇË	¸b½¿¾¯²!»¼Àﬁ¬°g¸~³h×ç¢éëÉ/¢/çî,*ÔÑF´/ÒJ½ÇÀÂjÁKÁK¬n·³Y®±´
·ÇË	¸b½¿¾¯²!»¼Àﬁ¬°g¸~³7h )ç¢éëÉ/¢/ç+¢*Ô'µ~¹¯ºÑFº$ÒHJ½ÇÀÂjÁKÁK¬n·³ﬂ®¼´1·ÇË	¸b½¿¾¯²!»±Àﬁ¬°g¸~³7hoèç¢éëÉ/­ì¢ê/*Ê
6
%ßX
%
ß
^
W
%
±
ß sàß sàß® (s ß
^
W
{$Jr2 ¬Jrz/0j1ﬀ6/ﬀ Ł6¬J ¬262j*z
J ﬀ/ﬀ ${6J 6 ¬Jrzj2${S0 Ł6¬J ¬/¬/0jz/0j ¬$Ja{~j/0
J S¬ j¯J ﬀ6 ¬Jrzj2*R{ Ł6¬J ¬/¬/¬j{0 ¬$Ja{S¬/¬
PRWY`gOZE*W=T ¬Jrzjj/¬26*
J÷0j j¯J z/¬ ¬Jrzjjj/0S0 ¬J ¬/¬/¬6/¬jz ¬J¼{2*/0
J S¬ ${6JrR{ ¬JrzjjjjS¬ ¬J ¬/¬/06j6 ¬J¼{ﬀ6S0{
{ﬀ¯J ${ ¬Jrzjzjjz/¬6z ¬J ¬2S¬/ﬀ6z/0
}ÎE(RDmSG0'Ú
GN¹¯µ~»¼¸Æ¸²!ÀZ·ﬁ¸ ·ﬂµb­$»±¬#çÔ(º¯µb·ﬂµ%°a¸~³Z·ÇË	¸b½¿¾¯²!»¼Àﬁ¬PxJ½¿³ﬂ¬nÅ©¬n³ﬂÀﬁ®Ã­$»±¬k«!¸ÁK¸6´¥»±®±¹¯®±´k¸~³ﬁ­¯®±·ﬁÀÄ°g¸~³Ä·ﬁ«¯¬
Ù1µ~ÁK®±»Ã·ﬁ¸¹!®aµ~¹IÀÂjÀ·ﬁ¬¥Á:ÑÛç+ÒË-®Ã·ﬁ«	f2 6ÊkÙN¬n³Y¬6
ß
ih
ß
P#®éëî¢í¢í¢í¢¢/­ìjÊ ª«!¬·ﬁ«!¬¥¸~³ﬂ¬n·ﬁ®±´¶µ~»^»±®¼ÁK®Ã·ﬁÀµ~À
- ¸°·ﬁ«!¬¢Ï¯³ﬂÀ·µ~¹!º »aµ~À·´¥¸»±²!Á¹ ³ﬂ¬¥À¾'¬¥´n·ﬁ®ÃÅ©¬¥»ÃÂ µb³ﬂ¬0/21+3ÑN©Òcìé¯ì¢ì|µ~¹¯º'ÔÝ­6Â;4ÎÉ6²¯µb·ﬁ®±¸¹ÑÛç?ÒYÔ
¬=Ój¾+ÑP76ÝÑN©Ò"/21+3ÑN©ÒÒz®é çí¢É¢6Ê
¬
r
· a·Hîﬃ{Q
M'S/WnSKX=M'SK[6WY`m_6`aGÕ`mUEU=E6sRsDgSfeSeG!X=W=S6JCDaDU=[*D
p
XY`m[6G'Ufb[6OQP
p
X=Sbs
S/WnS

Ł UYT!OQOZS/X=W=`gf
UY`aG'fbSEfnME*GR_jS8[*\fe[*Ł[6W=s`gG'E*XnSeUUYM'[ﬁ
UX=ME*XZí
o
{jJ
S/WnSX
S8UYMEwDgD\¿[¯f
p
U[6GdUYM'[ﬁ
`gGR_QXYME*XX=M'S8E6sRs`aX=`g[6Gk[6\GR[6GŁ6¯eSeW=[jbvsRSeUYXYWn[T¯U4E*G!T|(EwOÄ`aDgXn[*GR`FE*G
UYXYW
p
f/X
p
W=S6tT!T PRWn[i!`ms$`gG'_ÕG
p
OÄSeWY`mf~EwD^Sei!`msSeG'feSQXYME*X}M'Se[6WnS/O {ÌUYPSbf/`#'fbE*DgDaT L[*Wn[6DaDFE*WYT01ﬃ4EwPŁ
PRDa`mSbUeJ1}MR`gUSei!`msRS/G'fbS8UYMEwDgDX¥EwxjS8XYM'SK\¿[6W=O [*\^EÄUYS	+
p
S/G'fbS¢[*\ŁUﬂT!OÄOÄSeXYW=`mf4X6
N[*Ł#P
p
DmUYS8UY[6D
p
X=`m[*G'U
\¿[6W:b
o
¬'{¼{ÕE6fef
p
O
p
DFE*XY`gG'_k[6GvEI[6GRS/Ł P
p
DmUYSÄUY[6D
p
XY`m[6GJkcI[6W=Sb[ijS/W
SÄUYMEwDgD-UYM'[ﬁ
<XYME*XX=MR`gU8UYS/Ł
+
p
SeGRfbS.#EwG'sEÈUYS	+
p
SeGRfbSK[6\

 UYT!OÄOÄSeXYW=`gf(U=[*D
p
XY`m[6G'Utﬃ[(,S/TQXYM'S4UYf~E*Da`gG'_«Y{j{ﬃ¶J

Gkfb[*G¯XYW¥E6UﬂX~t¯\¿[6W
X=MRS8E*OQ`gDgX=[6GR`mE*GÕUﬂT$UﬂXnS/O 
`gX=M	b
o
¬tRX=MRSUYf~E*Da`gG'_6UXY{©/ﬃ1EwPRPRDgT6J

[6WUﬂ`gOQPRDg`gfe`gXTª
NS4X¥EwxjSka
o
¬J
D(p
WUYXnE*W=XY`gG'_¢P[6`gG!XN`mUE

3UﬂT¯OQOÄSeX=WY`mf4[*G'S/Ł#P
p
DmUYS(M'[6OÄ[¯feDg`aGR`mf
U=[*D
p
XY`m[6G\¿[
p
G'sU¯T8ÜLc

jz(ﬂ1X=[ [¯fbf
p
WÖ\¿[6Wlb
o
¬ E*X.±
onm
0
 
$JvC fb[*G¯XY`gG
p
[
p
U.W¥E*G'fnM [6\
U
p
fnMIUY[6D
p
X=`m[*G'UNfbE*G[ SX=WnE6fbSesÕG
p
OZS/W=`gf~E*DaDgTjt2PE*U=UY`aG'_¢X=MWn[
p
_*MRŁ±
r
bkﬃ
o
Y{/{ 02j¯{ﬀS0
r
¬{a{ﬃ¶J

`m_
p
W=S
{ﬁ¬ PWnSbUYSeG!XnUet(\¿[6Wjb
o
¬'{¼{jt1XYMR`mUZPW=`gOZE*WYT[6WR`aXE*GRsåU=[6OÄSIX6
N[*Ł P
p
DmUYS [6WR`aXnUet,[6XYM

 S¤5
ŁUﬂT!OÄOÄSeXYW=`mf*t\¿[6WQG'S~EwW!T2±QŁ#i*E*D
p
SeUbJ.}ÝERDmS0%UYMR[
UUﬂX=W=[6G'_vS/i¯`gsRSeGRfbSdXYME*XZXYM'SIX6
N[*Ł#P
p
DmUYSbU
sR[`gGRsRSbSes [(,S/T;X=MRS E6fbf
p
O
p
DmE*X=`g[6G DFE
 Y{6{ﬃ>
M'S/WnS~E*Ud}ÎE(RDgS UYM'[ﬁ
UkX=MEwXÕX=M'S X6
N[*Ł#P
p
DmUYSbU
E6fef
p
O
p
DFE*XY`gG'_[6GkXYM'SKfb[6WYWnSbUﬂP,[*G's`gGR_QPRWY`gOZE*W=TÄU=[*D
p
XY`m[6G\¿[6W b
o
¬[S SeTRﬂ{©/ﬃ/J
o p
jYjj	 Qý
u SME~i6SsRS/OZ[*G'UYXYW¥E*X=SbsÕEKfeDgS~E*Ws$`mUYXY`gG'f/X=`g[6G.,S/X6
SeSeGÕXYM'SY SeM'Ei!`g[
p
W-[6\,O
p
DgXY`aŁ P
p
DmUYSNM'[6OÄ[¯feDg`aGR`mf
[6W<R`gX=UXn[EUnE6ssDmS¶Ł \¿[¯f
p
U^S"+
p
`gDg`RW=`
p
O&`gGÖX=MRSf~E6UYS[*\W=SeijS/WnUﬂ`#RDgSEwG'sQ(E*OQ`gDaXn[6GR`mE*G8UYT¯UYX=SeOÄUbJ}M'S
/ﬀ
%ßQ
%
ß
^
W
%

ä
ß
sàß sàß (sàß
^
W
}
çÃ
ŁUﬂT¯OQOÄSeX=WY`mf
¯{jJ÷¬j {jJ 061¬62S¬6 Ł6¬J÷¬${~!jjSﬀ
RJr{ 6$J S0 {jJ 02j(¬2jj Ł6¬J÷¬S¬/¬{©S¬6 ¬J ¬/¬jz2
J ¬2 0${jJ 6z {jJ j${ﬁﬀ${©6z

{S{ ${*zv{ﬁ¬
^rq
¬J ¬{©*
PW=`gOZE*WYT {jJ 02j¯{ﬀS0{
}E8


Ł UYT!OÄOÄSeXYW=`gf
J ¬j *zJ 6 {jJ 02j¯{zjj {/{ 062zªzv{ﬁ¬
^s
¬J ¬{©6z2
$Jrz2 6$J S¬ {jJ 026jjjj ¬J ¬/¬{ﬁ¬*2/0 ¬J ¬2j61ﬀ
{ﬁﬀ$J÷¬6z {jJ 0jjS¬26j ¬J ¬61¬jz6zj2
}ÎE(RDmS'Ú
G¹¯µ~»±¸Æ¸²!À4·ﬁ¸Õ·ﬂµb­$»±¬T*ÔÝº¯µb·ﬂµÕ°g¸~³·ÇË	¸b½¿¾¯²!»±Àﬂ¬«!¸ÁK¸6´¥»±®±¹!®±´8¸~³ﬁ­¯®Ã·ﬁÀ4°g¸~³·ﬁ«!¬¢¹!¸¹j½ÇÙ1µ~ÁK®±»Ã·ﬁ¸¹¯®¼µ~¹
ÀÂjÀ·ﬁ¬¥Á&ÑÛç+Ò,ËN®Ã·ﬁ«tf$®é çÊBÙ¬n³ﬂ¬Ç
ß
h
ß
P6ç¢éëÉ/¢/ç+É¢¢ê6Ê	ª«!¬·ﬁ«!¬¥¸~³ﬂ¬n·ﬁ®¼´¶µ~»!»±®±ÁK®±·ﬁÀ,µ~Àýu- 1¸°!·ﬁ«!¬	Ï!³YÀ·
µ~¹!ºÕ»¼µ~À·´¥¸»±²¯ÁK¹!À³ﬂ¬¥À¾'¬¥´n·ﬁ®ÃÅ©¬¥»ÃÂZµb³ﬂ¬'0/21+3ÑN©ÒÞí®é ç¢íÖµ~¹!º'Ô'­6Âg4ÝÉ*²$µb·ﬁ®±¸¹ ÑÛç¢çeÒYÔ¬=Ój¾+Ñ,6ÎÑN©Ò"/21+3ÑN©ÒÒ
®éë®ç?¢/*Ê
G
p
OÄSeW=`gf~E*D,f~E*Dgf
p
DmE*X=`g[6G'UPRWn[i!`msS,[*X=Mk_j[¯[$s«+
p
E*Dg`aX¥E*XY`gijS(E*G's[+
p
E*G!XY`gX¥EwX=`gi6SE6_6W=SbS/OZS/G¯X!
`gX=MXYM'S
X=MRSb[6WYTjJ

X	`gU^E4U
p
'ﬂSbf/XN[*\f
p
WYWnSeG!X`gG!X=SeWnSeUYX	X=[4PRWn[i!`msSfeDmSbE*W	f/W=`aXnSeWY`FE\¿[*W^sRSbf/`ms`aG'_
M'S/X=M'S/WX=M'S/WnS
S ¯`gUYXnUNE8fnM'E*G'_jS[6\fe[*Ł[*Wns`aGE*XnSeU^Xn[KPRDFE6feSE*GE*W<R`gXYW¥E*WYTÈW=SeijS/WnUﬂ`#RDgSUﬂT$UﬂXnS/O `aGÕE*OÄ`aDgX=[6GR`FEwG¢\¿[6W=O
ÌUYSbS BHjz(ﬂB\¿[6WEQW=Sei!`mS 
Zﬃ/Jy$[Rt+[6G'S8E*PRPDg`mfbE*X=`g[6G|[6\	[
p
WZ
N[6WYx|`gU(Eª
ET;#Ew`msRSes!TIEQG
p
OÄSeWY`mf~EwD
S ¯PSeWY`gOÄSeG!X¥E*XY`m[6Gyﬃ\¿[6WsSbfe`gs`gGR_
M'SeXYM'SeWU
p
fnMdEÈX=W¥EwG'UY\¿[6WYOÕEwX=`m[*GÕS ¯`gUYXnU1`aGkEÈG'S/`m_6MH [
p
W=MR[$[¯sÕ[6\
E¢PRW=`aOÕEwW=TÖM'[6OÄ[$f/Dg`aGR`mf[6W`gX1X=[ÄE¢U=E6sRsDgS/Ł fbSeG!X=SeW~J

\kŁ W=SeijS/WnUﬂ`#RDgS4X6
[*Ł#P
p
DgU=SbUS)$`gUYX\¿[6W[*G'SKE*G's
[6GRDaTd[*G'S¢UY`g_6G [6\PE*WnE*OÄSeXnS/W4PSeW=X
p
W'E*X=`g[6G \FWn[*O XYM'S¢PRW=`aOÕEwW=T|[6W`gX~t+X=M'S/G X=M'SUﬂT$UﬂXnS/O f~E*GG'[6X
 S8E*OQ`gDgX=[6GR`mE*GÌE*\FXnS/WE*G!TUYOÄ[$[*X=M|fb[*Ł [6Wns$`gGE*X=S(X=WnE*G'Uﬂ\¿[6W=OZE*X=`g[6G5ﬃ¶J
V
SbUﬂPR`gX=Sfe[6OÄPSeDaDg`aG'_G
p
OZS/W=`mfbE*D$Sei!`msRS/G'fbS*t/
SUYM'[
p
Dms¢UﬂX=WnSeU=U	XYME*Xk
NSME~i6S9¤

PWn[ijSesÖWY`m_j[*Wn[
p
UﬂDgT
X=M'E*XNXYM'SX6
[¢S)E*OÄPDmSbUPRW=SbU=S/G!XnSbsÕ`aGky$SefeXY`m[6GÕXRXN`gG!Xn[KX=MRSXYM'Sb[6WYTjtE6U&
NSM'Ei6SG'[*XNPRW=[ijSbsÕXYM'S
_jS/G'SeWY`mfM¯T!P[6X=MRSbU=SeU
}<~
úItà
}<~
÷5
J

G¢PE*WYX=`mf
p
DFEwW­
S-ME~ijSXnE*xjS/GÖEWnE*X=M'S/WÝW=SbUﬂX=W=`gfeXY`gijSNE6UYU
p
OQPRX=`g[6G
X=M'E*X^X=M'S/WnSS ¯`gUYXnU-U=[*OZSUﬂOZ[¯[6X=MXYW¥E*GRUY\¿[6WYOÕE*XY`m[6GXYME*Xfe[6GS
p
_2EwXnSbU^XYM'SUYT¯UYX=SeO<Xn[E4G'[6WYOÕEwDR\¿[6W=O
X=W
p
G'fbE*XnSeskE*XU=[*OZS[6WnsRS/W~J}MR`gU`mU-DFE*W=_jSeDaTQE8XnSefnMRGR`gf~E*DBE*U=U
p
OÄPRXY`m[6G«
MR`mfnM`gUNME*W=sÕXn[Èi6SeWY`g\FTQ\¿[6W
E*GkEwWR`aX=W¥EwW=TS)REwOÄPRDgSUﬂT¯UYXnS/O E*GRsÕsR[¯SbUNGR[6X1EwPRP,SbE*WGRSbfbSeU=U=E*W=T6J}M'SWnS/OZ[i*E*D+[6\XYMR`mU-XnSbfnMGR`mfbE*D
fb[*G's`gXY`m[6G`gU1X=M'SKU
p
'ﬂSbf/X([*\	[6GŁ _j[6`aG'_
N[6W=x+J
v
g1/g4ßLg4ýYgQj
 CÎu zjﬂ8C8J1l(J-C(feSei6SbU|E*G'sy+JNu%E(RGR`aXt¯6J y$SeDa\mŁ `aG's
p
feSbs;XYW¥E*G'UﬂPE*W=SeG'f/T U=[*Dg`gX=[6G'UÖ`gG GR[6GRDg`aG'S~EwW
6z
W=Se\FW¥E*feX=`aijSPSeW=`g[$s$`mf(OÄSbs`mEJw@£-ﬁ
á*x

NŁá­
t
ú!ôBú
Ú÷01ﬀŁ!$t,{jzjJ
 l[6G1ﬀﬂ?ÎJ©l[6G'fnx*E6S/W=XbJ¯L[6GS p _2E*feTK[6\¯ijSefeXn[*W|'S/DmsRUW=SbUYPSbf/X=`aG'_(E*sRs`gXY`m[6G'E*D6PRW=[6PSeW=XY`mSeUbJH?	WnS/PRW=`aG¯Xbt
X=[ZE*PP,SbE*W`gG.y
¦
)¤5S

 z*(¤5S©ªŁSTS¤5ø

¤



Jùyﬁ

 ©4{j1ﬀ¯J
 LNM6SﬂCÈJHKJ-LNME*OQPRG'S/T¯UbJåy p 'UY`gs`FEwW=TvM'[*OZ[¯feDa`gGR`gfZ[6W<R`gX=U¢Xn[ E U=E6sRsDgS/Ł#\¿[$f p U\¿[6WÖWnSei6SeW=UY`#DmS
UﬂT$UﬂXnS/OZUeJK{)¤
Ôá
y
á*|
  
¦
t



¤Uø|£'

/t
ô
Úa{~6Hﬀ©Ł¥{b2z2$t{j6RJ
 LNMjz(ﬂCÈJHJLNME*OQPRG'SeT¯UeJÈ[6OZ[¯feDa`gGR`gfK[6WR`aXnU(`aG WnS/ijS/WnUY`RDmSUﬂT¯UYXnS/OZUKEwG's X=M'S/`gWEwPRPRDg`gf~E*XY`m[6GRU
`aG|OÄSbfnM'E*GR`mfeUbt¨\ p `msRUE*G'sk[6PX=`mfeUbJ!w@£- ŁXz8t
úú
®
Ú¼{©6z©Ł¥{zj$t,{j6zJ
 Lc

jz(ﬂC8J2HJ2LNME*OQPRG'SeT¯UeJ,}MR`aW=WY`gG'_UY[6Dg`aXn[6G'UÎ`gGXYM'SPRWnSeU=SeGRfbS[6\+s`mUﬂP,S/WnUY`g[6GJw@£-7} 
x

NÔá
U p ROQ`gX=X=SbsIy$S/PRXnS/O,S/WÈ{~j1ﬀ$J
 L

zj(ﬂ
V
J
:
JÝLNMRW=`gUYXn[¯sR[ p Dg`msSbUE*G's%HJ

J

[jU=S/PRMt y!Dm[ﬁ
@lNWnE6_j_|U=[6Da`gXn[*G'U`gG G'[6GRDa`gG'SbE*WKP,S/W=`m[¯s`gf
UﬂX=W p feX p WnSbUeJ!?	M!T¯UbJHS/i+JyBS/X=XbJ
J®
t{ﬀw2[Y{6zj1ﬃ/J

V
Sﬁﬀ6(ﬂHKJÂ^J
V
Sei*E*G'S/TjJÕHSei6SeW=UY`#DmSQs`#=Sb[6OÄ[6WYPRMR`mUﬂOZU4E*G's!\'[ﬁ
UbJ
â
S¤'
ák
©« 
áA~


£
á
ù


á
t
®
ú$ø
Ú zj©Ł¥{j{ﬁ0$t{1ﬀ6$J

V
Sei'ﬀ/ﬀﬂ8HKJ^J
V
S/i6EwG'SeT6J l-D
p
S Uﬂx!Tåf~E*XnE6UYXYWn[6PM'SbUÕ`aG WnS/ijSeW=UY`RDmS E*GRs(E*OQ`gDaXn[6GR`mE*G UYT¯UYX=SeOÄUbJ
{)¤5
át
¤¥
á*~


£
á
y
á
t
®¨
Ú *Hﬀ
Ñ
*/0t,{~1ﬀ/ﬀ$J

V
{"ﬂ]J
V
[$SesRSeD#t8JlJ

SeDgDgSeW4E*G's

J­?ÝJ

S/W=G'S/ijS"¯6J
:
p
OZS/W=`mfbE*D^EwGE*DgT¯Uﬂ`mUE*GRs fe[6G!X=W=[6D^[6\
R`a\
p
WnfbE*X=`g[6GPRW=[SRDmS/OZUeJ7{ ¤
Łá
y
á*|
  
¦




¤Uø|£'

/t
ú
Ú÷ﬀ*!©Łﬀ/ﬀj$t 2/0©ŁﬂjS¬$t+{~j{jJ
 ]^DgSeXnE*D#ﬂ8L(J$]	DgPRMR`gfnx+tR]J}`aW¥E*PSb_
p
` tc J$]JlNW¥E*fnM'SeXbtI?ÝJRL[
p
DaDmSeXNE*GRs|ÖJ

[¯[jU=UeJÝC.UY`gOQPRDgS_6Dg[SE*D
fnMEwW¥E6f/XnSeWY`°¯bE*X=`g[6G\¿[6W¢G'[*W=OZE*D\¿[6WYOZUÈ[6\UY`gGR_
p
DFEwWÈijSefeX=[6W.'SeDgsRUbJw@£- Ł	z8t
®P
Ú j
Ñ
{©/ﬀ¯t
{6z1ﬀ$J


}j(ﬂ8l(J

`gSbsDgSeWE*G's
V
J*}
p
W¥E6S/i+J'L[2E*DgSbUYfbSeGRfbS1[6\WnSei6SeW=UY`#DmSNMR[6OZ[¯feDa`gGR`gf^[6W`gXnUÎf~E
p
U=SeU	SeDaDg`gPX=`mf
W=SbU=[*GE*G'feS6J{ ¤
Łá
y
á|
  
¦
t



¤Cø|£'

/t

Ú¼{ﬁ¬/¬1ﬀ©Łn{ﬁ¬2/ﬀ¯t,{j6J
 

E*Wn/0(ﬂ

J

E*W=X=SeWY`mfnMJkªS1- ¤£

©

ë¤J 

"	

¤Át S  N	# ¤;S¤5S©ª#ﬁ£¥ ¤Rùyﬁ

 ©« ¤'J
cdE*UYXnS/WnUeq}M'SbUﬂ`mU
h
GR`gi6SeW=UY`gX

E*XKy!X
p
XYXn_2E*WYX~tÝ{j/0J(]	G'_6Dg`gUYM XYW¥E*GRUYDFEwX=`m[*G E*PP,SbE*WnSes E6U=nL1E*UﬂŁ
fbE6sRSbU[6\ÎWnS/ijS/WnUY`RDmS4MR[6OZ[¯feDa`gGR`gf[*WR`aXnUX=[ÄE¢U=E6sRsDgS/Ł#\¿[$f
p
US	+
p
`aDg`#W=`
p
O>
g
ïsè~éÌëjç

úú
®
{z/ﬀ©ŁﬂS¬S¬Õ{jjzJ
 (E*Wnz2ﬂ*?ÝJ-E*W=XYOÕE*GJ

<S¤5S)	za a9 t ¤

NSKã
¦




¤'/J;lN`gWYx!M

E
p
UYSeWucSeW=DmE6_RtNl[jUﬂXn[6Gt1wG's
Ses`gXY`m[6Gt,{jz2$J
 

2ﬂKC8J

[¯s'E*OZE E*GRs CÈJ-(E*U=Sb_jEﬁ
EJ ù

ë

¤'¤
tçÃ
ŁS

©ª©
¦
¤¥Ł



¤'/JLNDmE*WnS/G'sR[6G
?	WnSeU=Uet
D
¯\¿[6Wns,t{j2¯J
6

C42ﬂÈJ

[$[6U=U8E*G's%c JBC(sRS/DgOÄSeTjS/W~J
â5tç
Ł.¤
|
  
¦
t



¤
â
£¥

)7S¤5
!ç1ç
ëŁ



¤'/tij[6D¼Ł
p OÄS
ó
[6\

S
á
ù¹  ŁQ¤#

¤¥ë¤JSza¤5S©ªŁ/Ju [6W=DgsIy$fe`gSeG!X=`'f6t{62$J


LL1l11ﬀﬂk p J

`gi¯UﬂME*W~tCÈJNHJNLNME*OQPRG'S/T¯Ubt
V
J-L1E*`(E*G's;C8JHKJ-lN`mUﬂM'[6P l[ p GRs UYXnE*XnSeUZ[6\
`aG¯XYW=`aG'UY`gf(Dm[¯f~E*Da`°¯eSbsÕOÄ[$sRSeUbJ

G|PRWnS/PE*WnE*X=`g[6G {j1ﬀ$J


GR[21ﬀﬂ

J

G'[SRDg[$fnMJlN`g\ p W=f~E*XY`m[6GÄ[6\,sRSb_jS/G'SeWnE*XnSM'[6OÄ[$f/Dg`gG`mfbU	`aGÄW=Sei6SeWnUﬂ`#RDgS4E*GRsZfb[*G'U=S/W=i*E*X=`aijS
UﬂT$UﬂXnS/OZUeJy
á
za¤5S©ªŁza a
á
Kã	¤'
á
t{~j1ﬀ


B2ﬂG p J D J

[6DgX=U=[i*E E*G'sÄ^Jc JSeWYOÕEwGJG?ÎSeW=`g[$s$`mfÕ[6W<R`gX=UÖE*G'sM'[6OÄ[¯feDg`aGR`mfQ[6W<R`gX=UÈ`gG E
X6
N[*Ł P'E*W¥E*OÄSeX=SeW p GR\¿[6Dms$`gG'_ [6\8E((EwOÄ`aDgXn[*GR`FE*GÞUﬂT$UﬂXnS/O 
`gXYM E M'[6OÄ[$f/Dg`aGR`mfk[6W<R`gXÄXn[E
U=E6sRsDgS/ŁfeSeG!X=W=S6J{ ¤
Łá
y
á*|
  
¦




¤Uø|£'

/t
÷
Ú 0j1ﬀ©Ł 1¬jzt{j2¯J
 ÎHjz(ﬂ

JyJ1u&JFBE*O.E*G's

J1C8J4J ÖJH[S SeWYXnUbJ }`gOÄSdWnS/ijSeW=UnE*DUﬂT¯OQOÄSeX=WYT;`aGsT!GE*OQ`mf~EwD
UﬂT$UﬂXnS/OZU"ÚE*GI[ijS/W=i!`mS 
KJKw@£-ﬁ Ł5z8t
úú
®
Úa{eŁ60jt{~jjzJ
 BS/W¥{"ﬂ^Jwc JSeWYOÕEwGJ¯L[6OQPRDmS)KsT!GE*OQ`mfeUÝEwG'saR`a\ p WnfbE*X=`g[6G'U`aGÈE(E*OQ`gDaXn[6G`FE*G(UYT¯UYX=SeO3ME~i¯`aG'_
EX=WnE*G'UYi6SeW=UnE*DBM'[6OÄ[¯feDg`aGR`mf[6W<R`gXX=[ÄEU=E6sRsDgSK\¿[¯f
p
UbJ*ø|£'

/t
ú
Ú¼{ﬀ**Łn{z/¬t{j{jJ
 cd
D
2ﬂC8Jck`mSeDaxjS*tk?ÎJÝ[6DgOÄSbUetÎE*G's
D
J
D
q HSe`aDgDaTjJÄL1E6U=fbE6sRSeU¢[6\MR[6OZ[¯feDa`gGR`gfÈ[6W<R`gX=UXn[RtÝE*G's
fnME*[jUGRS~E*WbtEQE*OQ`gDgX=[6GR`mE*GÕU=E6sRsDgS/ŁfeSeG!XnS/W~J y
á
za¤
á
za a
á
Kã
¦'á
t
ô
Úr2
Ñ
{©6t{~j2$J
 HSe_21ﬀﬂ8L(J ÖJÎHE6_2ES¯"¯b[RJ

W=WnSe_
p
DmE*WsT!GE*OQ`mfbUE*GRs M'[6OÄ[¯feDg`aGR`mfÈ[6WR`aXnUXn[I(EwOÄ`aDgXn[*GR`FE*G UnE6sRs$DmS
feSeG!XnS/WnUbJø

©ª©
á
w
¦

@ç1ç

á*~


£
á÷P
Ú¼{ﬁ¬2©Łn{~Hﬀ$t{j1ﬀ¯J
 yE*OZz/0(ﬂ$c¢J¯y+Jy$E*OZ[i6[6D t,]L+
p
`ai*E*DmS/G'fbS[6\,UYT¯UYX=SeOÄU[6\s`#=SeW=SeG!X=`mE*DS	+
p
EwX=`m[*G'U^`gGZEKG'S/`m_6MH [6W=MR[$[¯s
[6\EÖUY`gGR_
p
DFEwW1P,[*`gG!X~J
â
<S¤'
á~G
ﬁ

¢
~


£
á
ù


áôô
Ú ${ﬀ©ŁﬁS01ﬀ$t{jz/0J
 yE*G2ﬂ¢y$E*G'sRUﬂXnSbsS6t	lJZLS/G!XnSeW8OÕEwGR`g\¿[6DgsRU\¿[*WMR[6OZ[¯feDa`gGR`gf8UY[6D
p
X=`m[*G'UbJu Se`mS/WnUﬂX=W¥EŁ

G'UYXY`gX
p
X\

p
W
CG'_jS"
E*G's$XnSCGE*DaT¯UY`mU
p
GRs y¯X=[$fnM'E6UYXY`gx#wt
ç
)¤

:
[RJ{~zjt{61ﬀ$J
 yE6SeXnE*DF6(ﬂl(JyE*G'sRUﬂXnSesRS6t+L(J

JHKJR}4J

[6G'SeUE*G's

J L(JCDmS E*GRsRSeWbJ]k¯`mUﬂXnSeGRfbSKE*G'sZUYX¥ER`gDa`gXTÖ[6\

Ł P
p
DgU=SeU4[6G [6PX=`mfbE*DTIRW=SbU
`aX=M PRM'E6U=S¶ŁU=S/G'UnEwX=`gi6SÖE*OQPRDg`'SeW=UbJw@£- Łz8t
úr

Ú¼{1ﬀ©ŁﬁS¬jt
{61ﬀ$J
 c

2ﬂKCÈJRc-E*G'sRS/WE
p

M'SesRSQE*G's lJ

`gSbsDgSeWbJ[6OÄ[$f/Dg`gG`mf(PSeWY`m[¯sRDg[
1Ł
p
P `aGdWnS/ijS/WnUY`RDmSÈE*G's
fe[6G'U=S/W=i*E*XY`gijSUYT¯UﬂXnSeOÄUbJ 
á
S¤-¨- ¢
á~


£
á
w!£-ﬁ
á
t
ôó
Ú 6j
Ñ
0{z$t,{jj$J
0/¬
